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FOREWORD 

The Space Shuttle Phase B s tudies a r e d i rec ted toward the definition 
of an economica l space t r anspo r t a t i on sy s t em. In addit ion to the m i s s i o n s 
which can be sat isf ied with the shutt le payload capabil i ty, the National 
Aeronaut ics and Space Adminis t ra t ion has m i s s i o n s planned that r equ i re 
space vehic les to place payloads in excess of 100,000 pounds in ea r th orbi t . 
To satisfy this r equ i r emen t , a cost-effect ive m u l t i m i s s i o n space shutt le 
sys t em with l a rge lift capabil i ty is needed. Such a. sy s t em would ut i l ize a 
reusab le shutt le boos t e r and an expendable second s tage . . The expendable 
second s tage would be complemen ta ry to the space shutt le s y s t e m and 
impose m i n i m u m impact on the r eusab le b o o s t e r . 

To a s s i s t the expendable second stage concept, a two-phase study 
was author ized by NASA. Phase A efforts , which ended in December 1970, 
concentra ted on pe r fo rmance , configuration, and bas i c aerodynamic con­
s ide ra t ions . Bas i c t r ade s tudies w e r e c a r r i e d out on a re la t ive ly l a r g e 
number of configurat ions . At the conclusion of Phase A, the con t rac to r 
proposed a single configuration. Phase B commenced on F e b r u a r y 1, 1971 
(per Technica l Direc t ive Number 503) based on the recommended sy s t em. 
Whereas a l a r g e number of payload configurations w e r e cons idered in the 
init ial phase , Phase B was begun with specific emphas i s placed on t h r e e 
r ep re sen ta t ive payload configurat ions. The en t i re Phase B activi ty has been 
d i rec ted toward handling the t h r e e r e p r e s e n t a t i v e payload configurations in 
the mos t acceptable m a n n e r . Resu l t s of this act ivi ty a r e r epor t ed in th is 
12-volume Phase B final r e p o r t . 

Volume I Executive S u m m a r y SD 71-140-1 
Volume II Technica l Summary SD 71-140-2 
Volume III Wind Tunnel Tes t Data SD 71-140-3 
Volume IV Detai l M a s s P r o p e r t i e s Data SD 71-140-4 
Volume V Operat ions and R e s o u r c e s - SD 71-140-5 -
Volume VI Interface Control Drawings SD 71-140-6 
Volume VII P r e l i m i n a r y Design Drawings SD 71-140-7 
Volume VIII P r e l i m i n a r y CEI Specification - P a r t 1 SD 71-140-8 
Volume IX P r e l i m i n a r y System Specification SD 71-140-9 
Volume X Technology Requ i remen t s SD 71-140-10 
Volume XI Cost and Schedule E s t i m a t e s SD 71-140-11 
Volume XII Design Data Book SD 71-140-12 • 

This volume contains information on ground and flight opera t ions , 
manufacturing, faci l i t ies , and ground support equipment per requ i rements 
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of Cont rac t NAS9- 10960, Exhibit B. In addition, data in the form of p r e ­
l iminary p r o g r a m acquisit ion plans for the conduct of Phase C (Design) and 
Phase D (Development and Operat ions) of the Expendable Second Stage on a 
Reusable Space Shuttle Booster and included in accordance with supplementary 
ESS support authorized by Contrac t NAS7-200, Task Authorizat ion No. 5. 
The plans included here in a r e as follows: 

Section 1 Operat ions P lan 
Section 2 Faci l i ty Utilization and Manufacturing Plan 
Section 3 Engineering and Development P lan 
Section 4 P r e l i m i n a r y Test Plan 
Section 5 Logis t ics and Maintenance Plan 
Section 6 P r o g r a m Management Plan 

Each of the above sections have been prepared , in the form of a plan 
and includes a descr ip t ion of the Scope and Purpose of the Plan. Each has i ts 
own Contents and I l lus t ra t ions l i s t s . 
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SECTION I. OPERATIONS PLAN 

1.0 INTRODUCTION 

1. 1 PURPOSE 

The purpose of this plan is to desc r ibe the expendable second stage 
(ESS) operat ions required to support the p r o g r a m objectives and miss ion 
r equ i r emen t s . The ESS augments the space shuttle booster by placing various 
NASA Space Transpor ta t ion System payloads into ear th orbi t . This plan is 
compatible with the Operat ions P lan for Phase C/D, Volume I, Shuttle 
System (MSC-03310) (SD 71-103-1) . 

1.2 SCOPE 

This plan desc r ibes the ESS operat ional requi rements and act ivi t ies 
derived from analysis of both ground and flight operat ions in conjunction 
with the space shuttle boos ter . 

The operat ion plan encompasses those miss ion activit ies following 
completion of the flight qualification phase of the p r o g r a m . All n e c e s s a r y 
tes t and operat ional techniques will have been validated and all subsys tems 
qualified p r i o r to entering the operat ional phase . 

The f irst two ESS vehicles will be accepted upon completion of pos t -
static firing checkout (C/O) and all subsequent vehicles will be accepted upon 
completion of C/O at Seal Beach, at which t ime the operat ional cycle begins. 
Checkout at KSC will be conducted, the booster and ESS mated, the payload 
instal led, vehicles moved to the launch pad, and prepara t ion for launch 
countdown will be completed. 

The operat ional cycle for the booster is basical ly defined in the 
Operations Plan (Booster) , SD 71-103-3 except for ESS-peculiar opera t ions . 
This is the instal lat ion and removal of the separa t ion s t ruc tu re and flight 
software required by the ESS. 

The flight phase begins with mated ascent , includes ESS payload 
separat ion, high value component recovery , and is completed at ESS deorbi t . 
Abort operat ions a r e d i scussed in the s u m m a r y as they affect ESS-booster 
operat ion. 

1-1 
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The support operat ions required to plan and conduct miss ions a r e 
desc r ibed in detai l in those a r e a s which support both the shuttle and the ESS. 
Safety c r i t e r i a , as re la ted to both shutt le and ESS, a r e p resen ted . 

1. 3 ESS OPERATIONAL FLOW PLAN 

The operat ion of the ESS shutt le booster s y s t e m is depicted in 
Figure 1-1. This functional flow block d iagram (FFBD) also desc r ibes the 
basic space shutt le p r o g r a m . The differences appear in lower level functions 
(see Appendix A). 

1. 3. 1 Produce ESS Subsystem (FFBD 9. 0) 

The production of the ESS subsys tem is covered in the Facil i t ies 
Utilization and Manufacturing Plan (Section 2 of this volume). 

1. 3. 2 Support Faci l i t ies (FFBD 10.0) 

Support facil i t ies is covered in the Faci l i t ies Utilization and Manu­
facturing Plan (Section 2 of this volume). 

1.3.3 Training (FFBD 11.0) 

Training is covered by the ESS Logist ics and Maintenance Plan (Sec­
tion 5 of this volume). 

1. 3. 4 Test and Acceptance (FFBD 8. 0) 

Test and acceptance is covered in detai l in the ESS Test P lan (Sec­
tion 4 of this volume). 

1. 3. 5 Maintenance Operations (FFBD 3. 0) 

Maintenance is covered in the ESS Logis t ics and Maintenance P lan 
(Section 5 of this volume). 

1.3.6 Operations Support (FFBD 4. 0) 

Operat ions support includes the p r e - m i s s i o n , miss ion , and operat ions 
management functions and is covered in this plan. Miss ion operat ions 
include, but a r e not l imited to: 

Mission planning 

Mission profi les 

1-2 
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Data handling 

Communications 

1. 3. 7 Assembly and Launch (FFBD 2. 0) 

Assembly and launch is descr ibed in this plan and includes p r e m a t e 
a s sembly instal lat ion, checkout, vehicle mating, erec t ion, vehicle in tegra ­
tion, payload erec t and ma te , final servic ing, final checkout, propel lant 
loading, launch countdown, and launch. The booster port ion of this function 
is contained in the space shuttle operat ions plan, SD 71-103-3 , except for the 
ESS-pecul iar opera t ions . 

1.3.8 Mission (FFBD 1. 0) 

This function covers all act ivi t ies from ESS-booster liftoff, mated 
ascent , ESS-booster separat ion, orbi t , payload separa t ion, component 
recovery , and deorbit and is covered in this plan. The miss ion function 
also includes boos ter reen t ry and flyback but these a r e not d i scussed he re in 
(see Operat ions Plan, SD 71-103-3). 

1. 3. 9 Mission Abort Operations (FFBD 5.0) 

This function includes ESS-booster abort conditions from pad operat ions 
through launch, boost, booster separa t ion, and deorbi t , and is covered in 
this plan. 

1. 3. 10 P e r f o r m F e r r y Mission (FFBD 6. 0) 

The fe r ry miss ion is covered in the shuttle operat ions plan (SD 71-103-3) 
for P h a s e C/D. This function is not planned as a pa r t of the normal ESS/RSB 
s y s t e m opera t ions ; normal ly the booster is to r e tu rn to the operat ional s i te 
after each launch of ESS. 

1.4 TRADE STUDIES 

The operat ional concepts and functional requ i rements descr ibed he re in 
a r e based on the final resu l t s of the Phase B t r ade s tud ies . Specific sub­
s y s t e m resu l t s may be found in the Volume II, Technical Summary , 
Appendix A. 
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1.5 DEFINITIONS 

Te rms used in the d iscuss ion of the ESS/space shuttle boos ter sys t em 
operat ions concept a r e defined as follows. 

Test Examination of an i t em to a sce r t a in that it mee ts 
specified r equ i r emen t s . 

Checkout An operat ion that m e a s u r e s per formance with resu l t s 
specified beforehand, and compliance s tated as 
acceptance c r i t e r i a . 

Data base A compilat ion of data points of a family of p a r a m e t e r s 
which is ga thered under s imi l a r or re la table conditions 
and s tored in a manner which pe rmi t s extract ion in 
var ied groupings and fo rma t s . 

Inspection The examination, normal ly by visual or non-des t ruc t ive 
t e s t of sys t em e lements , subsys tems , and equipment to 
de te rmine conformance to establ ished s t anda rds . 

Test phase That phase of the p r o g r a m ending at completion of s tat ic 
firing of the f i rs t vehicle . 

P re launch That phase of operat ions concerned with prepar ing the 
vehicle for launch (prelaunch checkout of the ESS/ 
booster mating erect ion) . 

1. 6 GROUND RULES AND ASSUMPTIONS 

The operat ions plan is based on the following study assumpt ions : 

A. The design re ference miss ion(s) a r e established in the study con­
t r o l document with launch at Kennedy Space Center . 

B. On the launch pad, the ESS will be located on the opposite side of 
the booster from the launch umbil ical tower (LUT). ESS umbil ical 
servicing and control will be by means of a fixed se rv ice tower 
located southwest of the flight vehicle . This s e rv ice tower will not 
in te r fere with basic space shutt le opera t ions . 

C. ESS equipment r ecovery operat ions will be considered to improve 
cost effectiveness. 

1-5 
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D. For ESS equipment recovery , ESS to o rb i t e r ha rd docking shall be 
accompl ished by a neuter docking sy s t em located on the ESS aft 
sk i r t at Pos i t ion III (Figure 1-2). 

E. The ESS-boosted payload shal l not be sepa ra ted from the ESS until 
the r e t r i eva l o rb i t e r vehicle is near , unless the ESS components 
a r e not to be recovered . 

F. A shutt le o rb i t e r vehicle shal l be a s sumed available in space 
within the 24-hour ESS lifetime for recovery of ESS modules . ESS-
o rb i t e r final docking will be accomplished by the o rb i te r 
manipula tor equipment. 

1. 7 REQUIREMENTS 

The study requ i rement s from the study control document, as revised , 
a r e p resen ted in Volume II, Technical Summary of this repor t , and they 
reflect c r i t e r i a used in developing the operat ions of the ESS. 

1.8 ESS MISSIONS 

The Expendable Second Stage will be used in conjunction with a space 
shutt le booster in placing la rge payloads in low ear th o rb i t s . Three potential 
payload configurations were cons idered for detai led application in defining 
ESS Phase B design r equ i r emen t s . 

Space Station (MDAC); 176, 960 lb; 34 ft d i ame te r by 111 ft long 
Mission: 559 x 270 n mi 

Reusable Nuclear Shuttle (RNS) 83,000 lb; 33 ft d i amete r by 170 ft long 
Mission 31 1/2° x 260 n mi 

1-6 
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III +Y 

IV +Z 

Figure 1-2. Vehicle Orientation for Flight 

Space Tug; 107, 180 pounds; 15 ft d iamete r by 80 ft long 
Mission: 28 1/2° x 100 n mi 

The ESS is designed to provide for those payloads. The ESS is therefore 
designed for g r e a t e r capability for some of the potential payloads and 
miss ions , but the single sys tem provides flexibility in payloads and miss ions . 
Payload weight and orbit p a r a m e t e r s for maximum capability of the sys tem 
a re d iscussed in Volume II. 
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(P/L RELEASE. ESS SAFING, 
ORBITER RENOEZVOUS& 
RECOVERY OPERATIONS. ESS OEORBIT) 

(270 N Ml ORBIT) - ^ C J ESS |p7i|> f * . — V Q > 

S I ^ N > - P/L 

/ ! 

p j ESS | P / L ] > -

/ 
/ 

I 
I 100 N Ml ORBIT) 

(BOOSTER 
•^FLYBACK) 

DURING ESS BOOST & OMS OPERATIONS, 
REDUNDANCY FOR SUBSYSTEMS & 
COMPONENTS SHALL BE DETERMINED 
ON AN INDIVIDUAL BASIS, CONSIDERING 
CRITICALITY & COST EFFECTIVENESS 

FROM MATED ASCENT THRU 
BOOSTER SEPARATION, ALL 
ITEMS THAT MAY AFFECT 
BOOSTER SAFETY SHALL BE 
FO/FS 

EQUIPMENT USED FOR 
RENDEZVOUS AND/OR 
DEORBIT SHALL BE FO/FS 

Figure 1-3. Mission Profile 

1. 9 OPERATIONS CONCEPTS 

The operat ions concepts descr ibed he re a r e based on final Phase B 
t r a d e s tudies , the study r equ i r emen t s , and the ground rules and assumpt ions . 

These concepts provide a f ramework for the ESS operat ional r e q u i r e ­
m e n t s . These requ i rements have been developed in conjunction with and a r e 
compatible with the Space Shuttle P r o g r a m . 

The space shuttle boos te r /ESS launch combination will be ver t ica l ly 
posit ioned at launch. The ESS replaces the o rb i t e r on the booster and 
s i m i l a r launch-s i te checkout sequencing, overa l l operat ions philosophy, and 
launch pad positioning a r e uti l ized. The ESS pre launch checkout will be 
based on the maximum effectiveness of the ESS on-board equipment. The 
payload will be l a rge r and stacked above the ESS, r a the r than being internal ly 
stowed as with the o rb i t e r . 

When the f irs t vehicle a r r i v e s at the operat ion s i t e , it will be identified, 
inspected for damage, and mated to the booster in the hor izontal posit ion. 
The mated vehicles will then be subjected to the hor izontal dynamic modal 
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vibrat ion t e s t p r o g r a m . The vehicles will then be demated and the i r 
respect ive pre launch and launch operat ions continued. The data from the 
dynamic t e s t p r o g r a m will be used to verify flight control p r o g r a m p a r a m e t e r s . 

The pre launch and launch operat ions will be s imi l a r to those s u c c e s s ­
fully demons t ra ted on the Apol lo/Saturn P r o g r a m , but will r equ i re l e s s t ime 
as a resul t of using the Space Shuttle subsys tems and concepts . 

The above operat ions and the tes t acceptance of ESS subsys tems will be 
conducted by approved engineering and sys tem safety p rocedu re s . P r i o r to 
the t e s t of the f i rs t flight a r t i c l e , a t e s t hazard analysis of the end- to-end 
tes t setup (facil i t ies, GSE, boos te r , and ESS)will be conducted to identify 
haza rds which could cause loss of life or damage to the vehicle . P r i o r to the 
conduct of the tes t , these identified haza rds will be removed or controlled. 

Based upon the haza rd ana lys i s , p r e -e s t ab l i shed emergency shutdown 
and backup instruct ions will be identified in the tes t p rocedures for use in 
emergenc i e s . Hazard analysis after the init ial ESS will only be requ i red 
where modifications could induce sys tem h a z a r d s . 
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Preceding page blank 

2.0 GROUND OPERATIONS 

2. 1 LAUNCH OPERATIONS 

Launch operat ions in accordance with the NASA requ i remen t s , for the 
ESS/booster will be from Kennedy Space Center (KSC). It is planned that 
two ESS will be launched each yea r . Launch operat ions for the boos ter and 
ESS a re i l lus t ra ted in Figure 1-4. 

The launch operat ion functions covered by the ESS Top FFBD's 3. 0 and 
2. 0 a re defined here in , commencing with receiving and inspection, and 
continuing through s torage , instal la t ion of reusab les , p r e m a t e checkout, 
booster mate and interface verif icat ion, s tack and erect ion, payload ins ta l l a ­
tion and verification, t r anspo r t to pad, launch readiness checkout, and 
countdown. ESS impact on launch pad operat ions will be held to the min imum 
and will involve only those operat ions which, for design or safety r ea sons , 
cannot be accomplished in the low bay a r ea and those operat ions n e c e s s a r y 
for launch prepara t ion . Flight and ground crew exposure to hazardous 
conditions will be held to the min imum. 

Figure 1-4. ESS/Booster Launch Operations 
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The vehicle will be maintained as near ly as p rac t i ca l in the flight 

configuration during al l scheduled pad opera t ions . The ESS process ing t i m e ­
line for the KSC launch operations to accompl ish the functions to be d iscussed 
is shown in F igure 1-5. 

2. 1. 1 Receiving Inspection 

After a r r i v a l at KSC, the ESS is placed in the low bay of the Vert ical 
Assembly Building. Receiving inspection of the ESS is per formed for 
depackaging and identification and damage verif icat ion (ID&D) while the ESS 
is in the hor izonta l posit ion on the t r a n s p o r t e r . The stage is also rotated 
on the t r a n s p o r t e r to verify that no equipment is detached. 

The recovered and refurbished components can be instal led at this 
point. The engines may be instal led with the ESS in a horizontal position 
using equipment provided in the o rb i t e r . The stage is then placed ver t ica l ly 
on the ESS handling fixture — Saturn t r a n s p o r t e r . (Avionics instal lat ion may 
be delayed until the ESS is ra i sed to the ve r t i ca l posit ion. ) 

The recovered ESS components will, after removal from the orb i te r , 
be subjected to a receiving- inspect ion for ID&D. Those components will then 
be sent to the respec t ive refurbishment s i te , and then re turned for ins ta l la ­
tion. Refurbishment of the engines is expected to be minor and accompl ish­
able at the operat ions s i te . 

\ [ SHUTTLE FLIGHT OPERATIONS | | BOOSTER 

| | POSTFLIGHT SAFING 

I 1 

^ 2 ESS 

TURNAROUND MAINTENANCE 

| ~ ~ | INSTALL ESS SEPARATION STRUCTURE 

| | ERECTION AND ASSEMBLY 

TRANSPORT TO PAD 

LAUNCH OPERATIONS | | 

ESS LOW-BAY OPERATIONS 

ESS MATING 

TRANSPORT TO PAD. INTERFACE CONNECTIONS 

ESS LAUNCH OPERATIONS Y/////////////A 

ESS FLIGHT OPERATIONS u J I i I I I I I L 
8 9 10 11 12 13 14 

DAYS 

Figure 1-5. Ground Operat ions Timeline 
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2. 1. 2 ESS Storage 

If the ESS is placed in s to rage , s torage p rocedure encompasses 
p r e - s t o r a g e , s to rage , and pos t - s t o r age maintenance and checkout. 

P r e - s t o r a g e . The configuration of a sys tem element being placed into 
s torage will be es tabl ished p r i o r to committing it to s to rage and will be 
maintained in accordance with applicable documentation. The p r e - s t o r a g e 
activit ies will include such act ivi t ies as visual inspection of all access ib le 
vehicle ex te r io r su r faces , and the instal lat ion of protect ive covers and 
des iccants . All umbil ical in terfaces and access pa r t s not requi red for 
s torage monitoring purposes will be provided protect ive cove r s . Discon­
nected e lec t r ica l in terfaces on subsys tems will be maintained and secured . 
Posi t ive p r e s s u r e will be applied to p r e s s u r e subsys tems and the subsys tems 
secured. 

The vehicle p r e s s u r e sys tems will be provided specified blanket 
p r e s s u r e s and the moi s tu re content of the a tmosphere within the subsys tems 
will be verif ied to be within acceptable l imi t s . A listing of the vehicle 
valve posit ions for s to rage will be establ ished and verif ied. All propulsion 
sys t em th rus t chamber exits will be provided desiccant and protect ive 
covers . An i n - s t o r age humidity level will be establ ished for the th rus t 
chamber in te rna l environment, based upon design r equ i r emen t s . All sub­
sys tems that requ i re blanket p r e s s u r e during s torage will be identified. 
Main propulsion sys tem gimbal actuator mids t roke locks will be instal led 
and the hydraul ic sys t em will be inspected for leakage. Vacuum-jacketed 
lines on the vehicle will be backfilled with CO2 to 0. 25 to 0. 5 psig posit ive 
p r e s s u r e . With all p r e - s t o r a g e activit ies completed, the vehicle will be 
towed to the s torage a r e a . 

Storage. The vehicle will be periodical ly monitored during s to rage for 
conformance to s to rage specification requ i rement s . The control led environ­
mental sys t em operat ion will be periodical ly checked. Tempera tu re and 
humidity l imi t s , with acceptable levels of var ia t ion, will be es tabl ished and 
verified on a per iodic bas i s for hazardous contaminants such as ozone and 
chlor ides . Unacceptable contaminant levels will be co r rec ted . Per iod ic 
visual inspections will be made of subsys tem blanket p r e s s u r e s which also 
will be r e -e s t ab l i shed if requi red . Throughout the s to rage per iod the 
vehicle will be grounded by cable to the s torage a r e a grounding grid. 

Normally, vehicle checkouts and modifications will not be accomplished 
during vehicle s to rage . Accumulated tasks (modifications, soft goods 
replacement , etc . ) will be reviewed with a view to possible ear ly r e t u r n of 
the stage from s torage to a work flow status to minimize potential operat ions 
impact. 
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Pos t -S to rage Maintenance and Checkout. Once a decision has been 

made to remove the vehicle from s torage for uti l ization, s to rage functions 
will be completed and the vehicle will be t r anspor t ed to the VAB low-bay 
a r e a . In addition to the normal checkout requ i rements to es tabl ish vehicle 
readiness for mat ing, additional inspections and checkouts will be required . 
I tems will be replaced, refurbished, reca l ibra ted , o r re tes ted in accordance 
with establ ished p r o c e d u r e s . Reuse components may be instal led, if these 
a r e on the basic s tage , and the stage p repa red for checkout. Vehicle sub­
sys tems such as the hydraul ic subsys tem will be se rv iced to establ ished 
s t andards . Vehicle protect ive covers and desiccants will be removed, and 
subsys tem blanket p r e s s u r e s will be minimized. The gimbal actuator mid-
s t roke locks will be removed and vacuum levels r e -e s t ab l i shed in vacuum-
jacketed l ines . A visual inspect ion of the vehicle ex te r io r surfaces will be 
made and selected subsys tem leak t e s t s will be conducted. 

A s torage plan will be developed to define the extent of the p repara t ion 
in s to rage , monitor ing, and pos t - s t o r age act iv i t ies . This plan will be 
s t ruc tu red toward defining the work tasks as a function of the projected 
durat ion of s to rage . 

2. 1. 3 P r e - M a t e Operat ions 

The ESS is connected, in the low bay a rea , with GSE provided for stage 
checkout. The stage checkout consis ts of a complete leak and functional 
t e s t of the propulsion subsys tems and of the avionics subsystenas in the s tage . 
This stage checkout is s imi l a r to the shuttle checkout, but is not as detailed 
as that per formed for final checkout at Seal Beach; welds a r e not leak-checked 
and detailed component leak checks a re minimized. 

The ground and onboard checkout and fault isolat ion (COFI) subsys tem 
will be exerc i sed to check individual subsys tems . Checkout of individual 
subsys tems will be followed by a DMC and ground-computer -con t ro l led 
in tegrated checkout. Data obtained from these t e s t s will be evaluated to 
a s s u r e that each subsys tem (including redundant paths) is pe r formed s a t i s ­
factorily to meet miss ion r equ i r emen t s . 

2. 1. 4 Booster Operations 

After completion of p r e m a t e checkout, the flight p r o g r a m will be 
loaded into the on-board computer . P r o p e r loading of the flight p r o g r a m 
will be verif ied utilizing onboard avionic equipment. Any s to r ab i e s , such as 
crew convenience i t ems , that a r e required a r e loaded on board at this t ime . 
After completion of these t a s k s , the booster will be towed to the mating bay 
and placed in posit ion for the hoisting opera t ions . 
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The ESS/boos t e r separa t ion mechan i sm (different than that for the 

orbi ter) will be insta l led and inspected to a s s u r e r ead ines s . The boos te r to 
launcher mating surfaces will be readied for ma te . The at tach points will 
be inspected and al l covers not requi red to mainta in c leanl iness will be 
removed. 

After the above operat ions a r e completed, the booster is ready for 
mating with the ESS. The total operat ion of boos te r /ESS/payload mating is 
shown in F igure 1-6. 

The lifting sling is not attached to the bridge c rane , then positioned 
over the booster sling at tach points . The sling is lowered and secured to the 
booster . Restraining line control of the vehicle will be maintained throughout 
the hoisting operat ion. The booster will be ra i sed slowly until the landing 
gear c lea rs the floor; lifting will be halted at this point. With e lec t r i ca l 
power and hydraul ics supplied from the ground, the landing gear will be 
re t rac ted and the landing gear doors closed. On-board controls will be used 
for this operat ion. Ground hydraul ics and e lec t r i ca l power will be discon­
nected from the booster , and hoisting operat ions will then continue until the 
ver t ica l posit ion is attained. 

Vert ical lift is continued until c lea rance is sufficient to allow the LUT 
to be posit ioned beneath the suspended boos ter . By use of the overhead c rane 
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and res t ra in ing l ines , the booster is then lowered onto the mobile launcher . 
Mechanical launcher in terfaces a r e verif ied and moni tored throughout this 
operat ion. Launcher holddown mechan isms a r e attached to the vehicle and 
secu red . All boos ter e lec t r i ca l power, hydraul ic , pneumatic , and cryogenic 
launcher in terfaces a r e connected and verif ied. Hoisting equipment and 
res t ra in ing lines a r e removed and stowed. 
2. 1. 5 Transpor t ESS and Payload 

After the booster is e rec ted and verif ied on the LUT, the ESS is 
placed in a hor izonta l posit ion and the ESS and payload t r anspor t ed hor izon­
tal ly on a dolly to the t r a n s f e r i s le adjacent to the mating bay. 

Existing GSE will be used for hoisting, handling, and safety retent ion 
for accomplishing the ESS/booster mating operat ion. 

Checkout in the mating a r e a after mating will be l imited to verif icat ion 
of the boos ter /ESS in ter faces and the shuttle LUT interfaces where ver i f i ca ­
t ion is non-hazardous . 

The payload requi red for a specific miss ion (such as MDAC space 
stat ion, space tug, and RNS) will be completely checked out and ready for 
flight p r i o r to instal lat ion. The payload, upon completion of checkout, will 
be t r anspo r t ed to the t r ans fe r a is le and erec ted ready for mate in a l ike 
manner as the ESS. Capability will exist during mating to support t i m e -
c r i t i ca l payload p a r a m e t e r monitor ing. 

Existing GSE will be used for hoisting, handling, and safety retention 
for accomplishing the ESS and payload mating operat ion. 

Cables from the bridge c ranes a r e attached and the ESS vehicle is 
rotated to the ve r t i ca l in the Saturn t r a n s p o r t e r and erected, hoisted by 
c rane , and t r anspor t ed to the mating bay where all mating surfaces a r e 
inspected and verif ied. The ESS is then lowered and mated to the boos ter 
ready for payload mat ing. 

The payload and ESS mating interfaces a r e inspected and verif ied 
p r i o r to final positioning and ma te . 

Mating the ESS and payload s tages individually to the booster provides 
max imum c lea rance during t r ans fe r of the ESS and payload s tages to the 
mating bay. If the ESS and nuclear s tage payload were e rec ted and mated 
p r i o r to t r ans f e r , t he re would be only 20 feet (minimum overhead c lea rance 
a rea) available for hook-up, load b a r s , slings and c lea rance . However, 
two other payloads (space station _ MDAC — and space tug) can be e rec ted , 
mated to the ESS s tage , and then t r a n s f e r r e d as one unit in a single lift to 
the mating bay. 
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2 . 1 . 6 Vehicle Mating and Erect ing Operation 

Vehicle e rec t ion and mating includes p repara t ion for, and accompl i sh­
ment of, mating of the boos te r , ESS, and payload. All act ivi t ies a r e 
performed in a protected, enclosed a r ea . Access work pla t forms will be 
utilized throughout the mating operat ion for visual verif icat ions as well as 
in per formance of t a sks such as handling of e rec t ion sl ings, alignment 
operat ions, and interface verif icat ion. 

Mating the ESS and oos te r will not commence until after completion 
of checkout of each vehicle . 

The ESS/boos ter /payload mate and interface verif icat ion is the only 
operat ion per formed in the high bay a r ea . No functional C/O will be 
accomplished in this a r ea . Existing Saturn and space shuttle handling 
fixtures present ly planned will be util ized to pe r fo rm these operat ions in the 
most cost-effective manner . 

P r i o r to t r ans fe r to the pad, all ex te r ior access panels not requi red 
at the pad will be closed out for flight; all o thers will be instal led. The 
mated payload, ESS, and booster is then ready for t r ans fe r to the pad on the 
mobile launcher . The launch pad, all servic ing equipment, and GSE will 
have been verified p r io r to t r a n s f e r of the mated vehic les . 

2. 1. 7 Transpor ta t ion to the Pad 

The mated pay load /ESS/boos te r on the mobile launcher will be t r a n s ­
ported from the VAB on the c r a w l e r . 

The c rawle r will be manned by c rawle r personnel and safety o b s e r v e r s . 
Constant communications will be maintained between all operat ions personnel 
during the t ranspor t ing operat ion. 

The c rawle r will proceed from the VAB to the launch pad via the 
c rawler roadway. Only one of the two launch pads will be uti l ized for ESS 
launches. That pad will be outfitted to supply the needs of the ESS and pay-
load, and st i l l be compatible with space shuttle opera t ions . Only one pad is 
required for ESS due to the low flight r a t e . After a r r i v a l at the launch pad, 
the mobile launcher will be posit ioned and lowered onto the pad. The launch 
pad will have been p repa red to receive the mobile launcher and the payload/ 
ESS/booster p r io r to the i r a r r i v a l at the launch pad. After the mobile 
launcher is lowered to the launch pad, the c r awle r t r a n s p o r t e r will be 
removed. 
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2. 1. 8 Connection and Verification of Launcher and Pad Interfaces 

Launch pad operat ions consist of connecting and verifying the vehicles 
and pad in t e r f aces , performing launch read iness checkout, and final 
p repa ra t ion . Table 1-1 desc r ibes an evaluation conducted on the ESS launch 
pad configuration. 

The pad- to -mobi l e - l auncher e lec t r i ca l and fluid interfaces will be 
p r epa red for connecting by removing all covers and protect ive devices and 
performing visual verif ication of condition and al ignment. Ancil lary i n t e r ­
faces ( e . g . , water , communicat ions , monitor ing, warning, a la rm) will be 
p r epa red in the same manner , and interfaces will be connected and verif ied. 
All fluid-gas sys t ems interface connections will be verif ied by p r e s s u r e 
tes t ing . Warning and a l a r m and monitoring sys t ems interfaces will be 
verif ied by condition s imula t ions . 

The umbil ical swing a r m s will be connected to provide ESS access and 
s e r v i c e p la t fo rms , as shown in Figure 1-7. 

Since the Phase B plan includes a fixed ESS servic ing tower located on 
the launch pad, the umbil ical will be hooked up ini t ial ly t h e r e , and ESS/GSE 
in ter faces will be verif ied on the pad. This will be accomplished by bringing 
up sys t em p r e s s u r e and leak checking the fluid l ines and by command/ 
response ver i f icat ion for e lec t r i ca l cab les . 

NUCLEAR STAGE 

ESS SERVICE TOWER 

ESS FWD SKIRT ACCESS ft 
UMBILICAL: G H r ELEC, ETC 

ESS STAGE 

ESS AFT SKIRT 
ACCESS & UMBILICAL: 
L 0 2 , LH2, ELEC, ETC. 

Figure 1-7. ESS/Booster at Launch Pad 
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For the f i rs t vehicle , an umbil ical swing a r m tes t is planned. This 

will consist of connecting both the forward and aft umbil icals and then 
re leas ing them. After the swing a r m te s t , the umbi l ica ls will be reconnected 
and the ESS/GSE interface verif ied. 
2. 1. 9 Final Checkout Operat ions 

A launch readiness checkout will be per formed after all ground support 
sys t ems have been interfaced with the mobile launcher and ESS se rv ice tower 
and verif ied. The launch readiness checkout will consis t of a data and control 
management subsys tem (DCM) in te rna l self -check on both the boos ter and 
ESS. The DCM will then be used to pe r fo rm a sys t ems check of the subsys ­
t e m s . This checkout will include a check of functional paths through the use 
of the COFI subsys tem capabili ty. 

In tegra ted Checkout 

Integrated C/O will be per formed by the on-board sys tems and moni ­
to red by the control room in p repara t ion for launch. These in tegra ted checks 
a r e planned for the launch pad ra ther than for the high bay of the ve r t i ca l 
a s sembly building, s ince with the fixed tower concept it would be neces sa ry 
to provide additional GSE in the high bay. To avoid the expense of this GSE, 
al l in tegra ted boos te r /ESS checkout will be accomplished on the launch pad. 
Malfunctions occurr ing at the pad will be co r rec ted on the pad, with that par t 
of the checkout being per formed again to a s s u r e that the vehicle is ready for 
continuing final checkout. 

Checkout and servic ing of the payload is undefined at this t ime and 
al l payloads a r e a s sumed to be autonomous. Fu r the r definition of payload 
operat ions will be pe r fo rmed in the design phase . The logical approach is 
to pe r fo rm as much payload checkout as possible p r i o r to mating the payload 
to the ESS, then performing integrated checks and servic ing on the launch 
pad. An extension of the ESS se rv ice tower and sepa ra t e payload swing 
a rm(s ) can be provided and will be the responsibi l i ty of the payload con t rac to r . 

ESS Servicing Verification 

Servicing the ESS will be accomplished within two h o u r s . It is a s sumed 
that any payload servicing will also be conducted concurrent ly with ESS 
ac t iv i t i es . The servic ing consis ts p r imar i l y of loading tanking propel lants 
and providing high p r e s s u r e hel ium to p r e s s u r i z e the propel lant tanks and 
s tage p r e s s u r e r e c e i v e r s . Various other operat ions a r e requi red such as 
providing purges , t h e r m a l conditioning gas , and valve actuation gas . E l ec ­
t r i c a l power and control is ground supplied until shor t ly before liftoff when 
the vehicle power supply is switched on. All hydrogen vents a r e connected 
to the facility vent sy s t em and routed to a burn pond. 
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Each ESS will be subjected to a cryogenic countdown demonstra t ion 

tes t . This tes t will be p r i m a r i l y for facility and GSE verif icat ion under 
cryogenic conditions and ground launch crew cert if icat ion ra ther than ESS 
checkout, although it will resul t in added ESS verif icat ion. The tes t will 
consist of a s imulated launch with the countdown te rmina ted just p r io r to 
booster main propulsion ignition. After countdown, propel lants will be 
detanked and a l imited s e r i e s of re -ver i f ica t ion checks will be run. Fo r 
subsequent vehic les , the countdown demonst ra t ion will be an in tegrated 
vehicle check with no cryogenics tanked. 
Servicing Operations 

Launch servicing operat ions begin with the loading of cryogenic 
propel lants , LO^, and LH£. After propel lants a r e loaded, the flight p e r s o n ­
nel a re t r anspor t ed to the launch s i te and board the vehicle. Prope l lan ts a r e 
replenished until the final s tages of countdown operat ion. Final sys t em 
activation and countdown operat ions a r e per formed. Both a i rborne and 
ground subsys tems a r e continuously moni tored for abort conditions that 
could occur during launch opera t ions . 

Propel lant Loading 

The launch pad a rea will be c lea red of all personnel p r io r to loading 
propel lants . Chilldown of t r an s f e r lines and shuttle tankage, venting, t r a n s ­
fer of propel lants , replenishment , and te rmina t ion a r e accomplished by an 
automated sys tem with contingency pause and rever t capability. After chi l l -
down, loading of LO2 and LH2 into the booster , ESS, and pay load (if 
required) will begin. 

Booster liquid-oxygen rapid load will be completed p r i o r to initiating 
ESS rapid load; booster l iquid-hydrogen rapid load will be completed p r i o r 
to initiating ESS rapid load. ESS liquid-oxygen rapid load will be completed 
p r io r to initiating ESS l iquid-hydrogen rapid load. 

The first phase of the loading, after tank chilldown, is a "fine load" 
(low rate of flow) followed by "rapid load" (high ra te of flow). Completion 
of propellant loading is accomplished with another fine-load sequence. 

Airborne level -sensing t r a n s d u c e r s , in conjunction with the ground 
computer sys tem and ground t r a n s d u c e r s , will control the ent i re automated 
loading sequence. Remote control and display capability will be used 
throughout the countdown to monitor propellant loading. The propel lant 
loading t imeline is shown in F igure 1-8. 
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LIQUID HYDROGEN 

MtOPEtlANT LOADING COMPLETE 
CREW INGRESS 

REPLENISHMENT CONTINUE 
UNTIL TERMINATED AUTO­
MATICALLY JUST PRIOR TC 
ENGINE START 

40 60 80 100 120 

TIME FROM START OF COUNTDOWN (MINUTES) 

.Figure 1-8. Simultaneous Prope l l an t Loading Timeline 

Propel lant Replenishment. The topping mode (low flow rate) of the 
propel lant loading control sys t em will be used to replenish propel lants lost 
in boiloff. The topping mode is continued throughout crew and passenger 
loading until t ime for p re s su r i za t ion . Terminat ion of replenishment is an 
in tegra l function of the automated t e r m i n a l countdown. 

Pe r sonne l Loading. The launch pad facility will have a rapid-lift 
e levator within the LUT to t r anspo r t c rew m e m b e r s and the closeout crew 
to the boarding platform access a r m s . It must be noted that the number of 
"up" pa s senge r s will general ly be l imited to s ix . The closeout crew will 
ensure that each flight crew m e m b e r is secured and ready for launch. The 
acces s a r m will be moved to a standby posit ion just c l ea r of the booster when 
the hatches a r e closed and the closeout crew has moved back into the LUT. 

The launch vehicle design will incorpora te emergency eg res s capa­
bi l i t ies for the flight c rew and o ther personne l during launch opera t ions . 
This capabili ty will be sustained as close to launch as poss ib le . In addition, 
the launch facility will provide personnel safing a r e a s to protec t the crew, 
tower , and r e scue t e a m personnel from poss ible h a z a r d s . 
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2. 1. 10 Launch Countdown 

The countdown will begin during the final checkout phase p r io r to 
propellant loading at T-5 hou r s . Countdown will consist of applying subsys ­
tem power, propellant loading, personne l boarding, final vehicle serv ic ing , 
in ternal power subsys tem activation, and additional t asks neces sa ry to verify 
vehicle readiness for launch. The ESS/booster countdown t imel ine is 
presented in F igure 1-9-

With the completion of the crew boarding opera t ions , the t e r m i n a l 
countdown will be per fo rmed . The launch countdown checklist will be called 
up by the booster flight crew and displayed. Each function called out on the 
countdown checklist will be pe r fo rmed in sequence. This will include a 
verif ication that all sys tems a r e configured for launch. The GN&C subsys ­
t em will be verified for p roper alignment of the iner t ia l platform by initiating 
computer routine to sequence the iner t ia l measu remen t unit (IMU) for al ign­
ment check. A p re l imina ry confirmation that all supporting sys tems a r e in 
a GO condition will be made and e lec t r ica l power will be t r a n s f e r r e d to 
vehicle in ternal power. The hydraul ic sys tem will be used to verify selected 
ac tua tors . Airborne sys tems will be automatical ly scanned for p roper con­
figuration and readiness for launch. The range safety officer will verify that 
the range is c lea r for launch. The miss ion d i rec to r will de te rmine that all 
miss ion c r i t e r i a have been sat isf ied and will i s sue the c lea rance to launch. 
The crew will then verify that the ready-for- launch s u m m a r y is p resen ted 
from all subsys t ems . 

The launch p r o g r a m will be init iated by the flight crew. The launch 
sequence will p r o g r e s s automatical ly from this point to liftoff. During this 
sequence, the propellant replenishment will be t e rmina ted , the propellant 
tanks p r e s s u r i z e d , the ground pneumatic sys tem isolated, and the booster 
engines ignited. When an in te rmedia te thrus t level is reached, an evaluation 
of propulsion sys tem per fo rmance will be made, a signal will be t r ansmi t t ed 
to r e l ease the vehicle stabil izing sys tem, and the th rus t level will be com­
manded to go to the normal power level . When the th rus t - to -weigh t build-up 
is g r e a t e r than 1. 0, the shuttle achieves a free liftoff and r i ses from the 
launch pad, and s imultaneously act ivates the liftoff signal. 

2. 1. 11 Pad Aborts 

Booster Abort 

The pad abort (prelaunch) mode is confined to the per iod of crew loading. 
It t e rmina te s at vehicle liftoff. A decision to abort would include immedia te 
shutdown of booster engines and crew e g r e s s . The booster crew eg re s se s 
rapidly when crew safety is jeopardized, while remaining subsys tems (other 
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than the boos ter engines) a re being deactivated. Cr i t ica l sys tems a r e safed, 
and propel lants a r e detanked if n e c e s s a r y . An inspection is performed, and 
any n e c e s s a r y maintenance and r e p a i r s . Correc t ion of the abor t condition 
is followed by a re tu rn to launch countdown or standby s ta tus . 

ESS Abort 

The per iod for poss ible ESS (prelaunch) abort is the same as that for 
booster abor t . Subsystems a r e deactivated and safed. Prope l lan ts a re 
detanked, and maintenance and repa i r a r e per formed. 

t 
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Preceding page blank 

3.0 FLIGHT OPERATIONS 

ESS flight operat ions compr i se seven phases : mated ascent , ESS/ 
booster staging, init ial orbi t inse r t ion , miss ion opera t ions , stationkeeping 
opera t ions , ESS deorbi t m a n e u v e r s , and ESS ear th impact . All aspects of 
ESS flight operat ions a r e d iscussed h e r e , commencing with miss ion planning, 
descr ipt ion of typical flight prof i les , and concluding with ESS deorbi t . These 
operat ional functions a re defined by Funct ional Flow Block Diagrams 1.0 
and 5.0, as shown in Figure 1-1. 

3. 1 MISSION OPERATIONS 

3. 1. 1 Mission Planning 

Mission planning encompasses the equipment and the se rv ices 
neces sa ry to a s s u r e that the space vehicles a re available for their scheduled 
launch and the associa ted mi s s ion support equipment and se rv i ce s a r e p r e ­
pared to render a s s i s t ance for successful completion of the miss ion . 
P r i m a r y tasks of the miss ion planning a r e : 

A. To schedule all the act ivi t ies and se rv ices re la ted to each 
miss ion 

B. To coordinate al l act ivi t ies and se rv ices 

C. To monitor the var ious act ivi t ies to ensure proper execution and 
the availabili ty of the ESS, shuttle vehicle , and support equip­
ment and se rv ices on a t imely basis 

D. To plan the miss ion launch t ime so the ESS miss ion life will 
r equ i re less than 24 hours . This also r equ i re s coordination with 
space shuttle flights to provide for the orbi ter to rendezvous with 
the ESS for r e tu rn of the ESS recoverab le components. 

In o rde r to implement the planning effort, a miss ion plan will be 
prepared for each flight mis s ion descr ibing the miss ion objectives and 
r e q u i r e m e n t s , vehicle configuration, a s sembly and launch schedule of the 
veh ic les , support equipment and se rv i ce s r e q u i r e m e n t s , miss ion t ra jec tory 
and profi le , and other per t inent flight and flight support r equ i remen t s 
direct ly r e l a t ed to the miss ion . The flight t r a j e c t o r i e s , during mated 
ascent , a r e different for each of the defined payloads; thus , the software for 
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the Booster and the ESS requ i re some minor changes to implement each 
miss ion . 

3 . 1 . 2 ESS Payloads 

Fou r t een payload configurations were identified as candidates in 
Phase B for the ESS. Of that total , th ree were selected for m o r e detailed 
pe r fo rmance , loads , and control ana lys i s . These t h r ee payloads a r e : 

Space stat ion (MDAC), final orbi t 270 x 270 nautical mi les at 
55° incl inat ion 

Space tug, final orbi t 100 x 100 nautical mi les at 28. 5° inclination 

Reusable nuclear shuttle (RNS), final orbi t 260 x 260 nautical mi les 
at 3.1.5° inclination 

Variat ions in payload weights and final orb i t s have been incorporated 
into three different ascent t r a j ec to r i e s shown in Table 1-2. Capability for 
one ESS main engine out at staging is a lso shown for the two l ighter pay-
loads . Typical m i s s ion event profiles for these three p r ime payloads a r e 
shown in F igu re s 1-10, 1-11, and 1-12. Optional final orbi t near r endez ­
vous capability will r equ i re additional miss ion t ime for phasing and final 
rendezvous braking burns . The ESS avionics subsys tem will r equ i re 
extended capacity to accomplish close rendezvous and subsequent normal 
mis s ion events within the 24-hour ESS l i fet ime. 

3.2 MATED ASCENT 

Mated ascen t begins at liftoff of the space shuttle booster from the 
launch pad. The des i r ed final orbi t inclination angle can be achieved by 
launch d i rec t ly into the des i red plane. F o r inclinations g rea t e r than 
28-1 /2 d e g r e e s , the launch can be in e i ther a nor ther ly or in a southerly 
di rect ion. F o r actual launch azimuths outside of the 44- to 100-degree KSC 
range l im i t s , conditions of no-jet t isonable flight hardware a re imposed. 
F o r rendezvous miss ions the launch window will be controlled within a few 
minutes to min imize the inflight phasing t ime requ i red with a 24-hour ESS 
l i fet ime. 

The sequential phases for the mated boost ini t ial ascent maneuver a r e 
a rol l maneuver , a pitch maneuver , and an a tmospher i c load-rel ieving 
t ra jec tory . 

The powered-ascen t t ra jec tory of the space shuttle is p r e - p r o g r a m m e d 
with the t r a j ec to ry and flight p rog rams s tored in the DCM. This r equ i r e s a 
minor change of software in the booster . The guidance computation is based 
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Table 1-2. Ascent to Initial Ea r th Orbit (100 x 66 nautical mi les) 

\ . Payload 

Tra jec tory \N^ 
Charac te r i s t ics^ . 

Booster burnout 

Duration, sec 

Altitude, ft 

Range, n mi 

Load fac tor , g's 

ESS burnout 

Duration, sec 

Altitude, ft 

Range, n mi 

ESS burnout 

(one engine out 
at staging) 

Duration, sec 

Altitude, ft 

Range, n mi 

Payload capability 
(with margin) 

Space 
Station 

249.8 

281,749 

108. 9 

2.05 

248.5 

399,984 

714.2 

Capability 
not available 

183,001 

Space 
Tug 

234. 3 

264,562 

101. 1 

2.36 

184.8 

400,032 

558. 9 

342. 2 

400,000 

927. 9 

127,304 lb. 

RNS 

228. 5 

259,343 

94. 7 

2.52 

163.9 

400,016 

506.4 

291.8 

400,048 

807.4 

93,025 lb. 
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on the p r e - p r o g r a m m e d s tored data and updated by velocity and attitude 
inputs from the IMU. Control of the flight during mated ascent t r a jec to ry 
is managed by the guidance, navigation, and flight control e lements of the 
booster integrated avionics subsys tem. 

Ground Control will monitor both vehicle s y s t e m s and the launch 
t ra jec tory , verify on-board m e a s u r e m e n t s , r ead ings , and computat ions, and 
as s i s t the crew in making "go /no-go" decis ions only to the extent n e c e s s a r y 
to a s s u r e safe flight. Cr i t ica l ESS m e a s u r e m e n t information will be d i s ­
played in the booster for crew control . The crew will have emergency 
controls for implementing a b o r t s , ESS engine s t a r t s , and staging. Range 
safety will monitor the shuttle t r a jec to ry . 

3 .2 . 1 Initial Ascent Maneuver 

At liftoff, the booster engine thrust vector control (TVC) will be 
activated by the DCM, and an auto-sequence p r e - p r o g r a m m e d maneuver 
will be commanded to provide for a ve r t i c a l flight. At the same t ime , the 
booster crew will initiate the post liftoff checklis t and TVC activation. 
Following liftoff, the space shuttle ESS vehicle will be aligned for ve r t i ca l 
flight. Ver t ica l flight will be maintained until the vehicle has r i s en 
approximately 100 feet above the tower. 

3 .2 .2 Roll Maneuver 

The vehicle rol l maneuver is per formed after clearing the tower to 
enable a pure pitch maneuver into the azimuth requi red for the des i red 
initial orbit inclination. 

3. 2. 3 Pi tch Maneuver 

Upon completion of the ro l l maneuve r , the pitch p rogram is ini t iated. 

3 . 2 . 4 Ascent Guidance 

The p r imar y functions for ascent guidance a r e continuing the pitch 
p r o g r a m , regulating the thrust of the booster engines , and maintaining the 
rol l and yaw attitude of the vehicle . The t ra jec to ry will minimize a t m o s -
phereic load effects for min imum load impact on the shuttle boos ter . 
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3.3 BOOSTER/ESS STAGING 

The separa t ion subsys tem must provide safe separa t ion capability 
during mated ascen t , for both normal and abor t - in i t ia ted conditions. The 
boos te r -ESS separa t ion sequence is shown in F i g u r e 1-13. 

Following a nominal four-minute mated boost in te rva l , the no rma l 
staging sequence will be init iated by activation of near -deple t ion sensor s in 
the booster LCU tankage. Cross -moni to r ing of the booster and ESS engine 
th rus t profiles will be continuous via ha rdware during the staging sequence 
for automatic monitoring and control . 

The sequencing r equ i r emen t s a r e : 

A. Booster propel lant near -dep le t ion senso r s act ivated. 

B. Initiate ESS main engines , s t a r t to minimum power level (MPL); 
init iate booster main engines cutback to MPL; maintain booster 
iner t ia l att i tude by engine TVC. 

C. Init iate " s t a r t mot ion" linkage separa t ion; initiate booster engine 
cutoff. 

D. Initiate ESS engine th rus t i nc rease to normal power level . 

E . Initiate final separa t ion . 

F . Arm ESS propellant d i spers ion sys tem 

The complete booster /ESS separa t ion sequence will be controlled by the 
DCM in both veh ic les . Any abnormal engine per formance conditions on 
e i ther ESS or booster will be compensated for by maintaining the predicted 
re la t ive total th rus t prof i les . F o r example , if only one ESS main engine 
begins opera t ion, the power level of that engine will be increased above 
M P L pr ior to initiating booster engine cutoff. (See F igure 1-14 for the th rus t 
scheduling sequence. ) F ina l separa t ion r e l e a s e s the forward and aft ESS 
at tachments near the ESS pivot ends as the upper stage is th rus t upward 
by linkage motion. 

To de te rmine the cha rac t e r i s t i c s of a normal booster /ESS separa t ion 
a s imulat ion p r o g r a m was run using the RNS as a typical payload. The 
r e s u l t s of this study are i l lus t ra ted in F i g u r e 1-15 which p resen t s this data 
for th ree seconds after the f i r s t ESS motion. 
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BOOSTER 
NEAR-DEPLETION' 
SIGNAL 

BOOSTER ENGINE 
THROTTLING 

TIME SAFETY 
DELAY 

I 
INITIATE SEPARATION 
SEQUENCE 

1 
ENTER TIME 
GATE(BOOSTER) 

ESS COMPUTER 
BEGIN SEPARATION 
CONTROL 

| 
START ESS 
MAIN ENGINES 

ANGULAR 
MOTION MONITOR 

BOOSTER TVC 
ADAPTIVE 

EMERGENCY 
DEPLOY 

ENABLE BOOSTER 
ACPS ROLL 

ENGINE 
SHUTDOWN 

I 
SEQUENCE 
12 ENGINES 

PREPARE BOOSTER 
LINK RETRACT 

ENABLE BOOSTER 
ACPS PITCH, YAW 

MISSION 
ABORT 

IF WIRE 

COMPUTE 
ANTICIPATED 
RELEASE TIME 

ARM AND FIRE 
"START MOTION" 
LINKS* 

LINK ANGLE MOTION 
BREAK WIRE 

BOOSTER ENGINE 
CUTOFF INITIATE 

ARM AND FIRE 
FINAL RELEASE* 

STOW 
LINKS 

EMERGENCY 
DEPLOY 
(IF WIRE NOT CUT) 

MOTION 
BREAK WIRE 

I 
GUIDANCE AND 
CONTROL 
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Figure 1-13. ESS/Booster Separation Sequence 
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3 .4 INITIAL EARTH ORBIT 

The ESS main engines will inject the ESS and payload into a 100 x 
66 nautical mi le orbi t . One-engine-out at staging will not prevent a t ta inment 
of proper parking orbi t conditions for l ighter payloads. ESS engine cutoff 
will be effected by sensed velocity. Table 1-2 l i s ts nominal t r a jec to ry 
c h a r a c t e r i s t i c s . Following ESS mains tage cutoff, main propellant r es idua l s 
will be dumped through the main engine valves.; the propel lant Dispers ion 
Sys tem will be safed. 

3 .5 ESS ASCENT OPERATIONS 

3. 5. 1 Orbit and Phase Changes 

The ESS coasts in a 100 x 66 nautical mile orbit to the c i rcu la r iza t ion 
burn at apogee. Missions without nea r - rendezvous r equ i rement s will 
employ from 100 naut ical mi le s to final orbi t an el l ipt ical t r ans fe r burn and 
another cir cular izat ion burn. The space tug payload act ivi t ies will be con­
fined to the payload r e l e a s e function. 

Payloads to be del ivered in a nea r - rendezvous final orbit with a 
pass ive ta rge t vehicle will util ize the 100-naut ical-mile orbi t for phasing 
cor rec t ions with r e s p e c t to the higher ta rge t vehicle. The final ascent will 
incorpora te a cir cular izat ion maneuver in a 10-naut ical -mile lower orbi t 
before t e rmina l phase rendezvous events leading to final 11 ± 1 0 naut ica l -
mile accuracy with the t a rge t vehicle . 

3. 5. 2 ESS Payload Separat ion 

Upon achievement of the final mis s ion orbi t , the ESS and mated 
payload will pe r form stationkeeping maneuvers to maintain the des i r ed 
orbi t . Release of the payload will be sequenced in a compatible scheme with 
each payload's unique capabil i t ies and mis s ion object ives . A payload 
launched for independent functioning in orbit would be r e l eased by an ESS 
command and the ESS will then t r ans l a t e a safe dis tance to a safe orbit by 
use of the ACPS following separa t ion . If the final orbi t has been a close 
rendezvous with a t a rge t vehic le , the ESS ACPS will maintain the init ial 
r e la t ive stationkeeping position with the pass ive ta rge t vehic le . 

T r a n s f e r r a l of the ESS payload to the ta rge t vehicle is outside the 
scope of this study, but the method probably would depend upon the availabil i ty 
of a manned space tug type of vehicle . F o r this study, payload separa t ion 
will be accomplished ei ther with a docked r e t r i e v a l vehicle or through 
r e l e a s e of a pass ive payload with subsequent r e t r i e v a l by a space tug. Fo r 
e i ther condition, the ESS payload separa t ion could be sequenced by the 
r e t r i e v a l vehic le ' s crew within the nominal ESS flight timeline.. In the event 
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o 
that the orb i te r vehic le , scheduled for r ecove ry of ESS subsystem e lements , 
should a r r i ve before ESS payload separa t ion , the orb i te r docking will not be 
initiated until after completion of the ESS payload r e l e a s e . 

3.6 ESS COMPONENT RECOVERY 

Recovery at the main propulsion and avionics components will be 
accomplished in space after the ESS has completed payload separat ion. The 
r ecove ry will be made by the space shuttle orb i te r within the miss ion l ife­
time of 24 hours . 

Provis ions must be made in the ESS design to accomplish r ecovery -
a neuter docking port and equipment separa t ion devices . The docking port 
has been provided on the ex te r io r of the ESS at Posi t ion III. This por t is 
identical to the one on the space station and the same docking adapter is 
used. The engine separat ion is accomplished using separable bolts , the 
avionics by separable connections. 

The basic operat ion is shown by F igure 1-16 and consists of the 
following ten s teps: 

1. The space shuttle o rb i te r per forms near rendezvous with the 
ESS. The ESS must maintain proper attitude during this 
operat ion. 

2. The space shuttle o rb i te r crew controls the r emova l of the space 
station docking adapter from the orb i te r cargo bay using the 
manipulator a r m s . 

3. A majori ty of the separable bolts attaching the engine to the ESS 
a re fired. The feed duc ts , engine fluid panel , engine e lec t r i ca l 
panel and thrus t vector control sys tem a r e severed . 

4. The docking adapter is mated to the ESS docking port . The 
manipulator a r m s then mate the adapter (with ESS) to the orb i te r 
docking port . Once the docking adapter is mated to the ESS, 
the ESS ACPS is deact ivated. 

5. The heat shield is opened, the manipulator a r m tool changed (if 
r equ i red) , and the manipula tor a r m s attached to an ESS main 
engine at the handling point. 

6. The gimbal block separab le bolts a re f i red . The engine is now 
completely severed f rom the ESS. 
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7. The engine is removed and placed on a s torage rack in the orb i te r 
cargo bay. 

8. The other ESS engine is removed and placed in the cargo bay. 

9. After completion of engine r emova l , the avionics packages a r e 
removed and s tored. 

10. The ESS and orb i te r r ema in docked until final ESS attitude 
cor rec t ion , jus t p r io r to deorbi t of the ESS. 

No orb i te r hardware impact has been identified thus far which can be 
at t r ibuted to the ESS engine or avionics r ecovery operat ion. 

3. 7 ESS DEORBIT 

Following ESS subsystem module r ecove ry by the o rb i t e r , the 
two vehicles will r e m a i n docked and undergo stat ionkeeping by the orb i te r 
for the des i red deorbi t phasing in terval . P r i o r to the intended deorbit burn 
init iation location, the orb i te r will turn around the docked unit and or ient 
into the ESS r e t r o g r a d e at t i tude. Orbi ter undocking will be conducted sub­
sequent to activation of those ESS subsys tems needed for deorbit . The ESS-
to -o rb i t e r docking adapter will be s tored in the o rb i t e r bay after separat ion. 

The actual r e t r o - m a n e u v e r includes the ini t ial ESS hold attitude for 
the OMS engine r e t r o - b u r n , and subsequent ocean impact . The ESS r e t r o -
burn will be initiated approximately 13 5 angular degrees ahead of the impact 
a r e a . The vehicle r e t rog rade atti tude will be maintained until engine cutoff. 

3. 8 ESS EARTH IMPACT 

Considerat ion of ESS deorbit f r agmenta ry effects upon populated 
ocean a r e a s has shown that usually two opportuni t ies exist during each orbi t 
for select ion of a safe impact zone. Examining the orbi t (270 nautical m i l e s , 
55 degrees inclination) indicates the re exis ts the capabili ty to schedule ESS 
deorbi t maneuvers within any orbi t in a 24-hour l i fe t ime, assuming that any 
unpopulated ocean a r e a is acceptable , although some ocean regions a r e 
distant from ground tracking and support f o r ce s . 

The definition of unpopulated ocean a r e a s has been formulated from 
A Study of Mar i t ime Mobile Satelli te Service Requ i remen t s , Frequency 
Planning, Modulation, and In ter ference Analys is . Volume I of that study, 
Contract DOT-GG-00505A, "National and Internat ional Merchant Vessel 
Population and Distr ibution: P r e sen t and F o r e c a s t , " included the data 
p resen ted in F igu re 1-17. Shaded zones r e p r e s e n t ship densit ies of 8 or 
l ess forecas t for 1980. Using the predicted ship densi ty and an es t imated 
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ESS fragment quantity, the hit probabil i ty can be projected. This 
probability was based on an assumed ship size of 360 by 80 feet and an 
average ear th ocean a r e a of 75,000 square mi les for each ship density 
value. As an example , in F igu re 1-18, a vehicle breakup upon r e e n t r y into 
25 pieces would r e su l t in a ship impact probabili ty of 10 per one million (10"5) 
in any world zone where the ship density was 8. This probabil i ty is com­
parable to the p r e sen t commerc i a l a i r l ine accident r a t e , which r e p r e s e n t s 
a r ea l i s t i c value. Based on a ship density of 8 yielding the 10 impact 
probabil i ty, a definition of unpopulated ocean a r e a s is those regions of 8 or 
less projected ships . 

A landing footprint of 1500 by 60 nautical mi les will fit in mos t open 
ocean a r e a s having ship densi t ies of 8 or l e s s . F igure 1-19 p resen t s the 
expected range var ia t ion or resul t ing footprint s ize due to var iable p a r a m ­
e te rs of deorbit impac t . Ei ther nor theas te r ly or southeas ter ly launch 
azimuth into a 270 naut ical mile by 55 degree c i rcu lar orbi t would allow at 
leas t one opportunity each orbi t for ESS deorbi t , considering the acceptable 
impact a r ea s of F igu re 1-19 within 55 degrees north and south la t i tudes . 

Fo r miss ions with orbi t inclinations of less than 55 d e g r e e s , reduced 
orbit t rac ing of acceptable ocean impact zones occu r s . The opportunit ies 
for deorbit will be m o r e r e s t r i c t e d than would be possible for the 55-degree 
miss ion . 

3. 9 MISSION ABORT OPERATIONS 

The p r i m a r y abort si tuations a re assumed to be (1) c r i t ica l (fire and/ 
or explosion) and (2) noncr i t ica l (par t ia l loss of thrus t or TVC system 
fa i lures) . The fai lure c r i t e r i a of fail opera t ional / fa i l safe for mechanica l , 
e l ec t r i ca l , and e lec t ronic subsys tems will r e su l t in an abort action at the 
fail-safe level for these subsys t ems . Catas t rophic system fai lures that may 
occur in the lifetime of the vehicle sys tem are minimized through emphasis 
on design. A s s e s s m e n t of abort conditions depends upon miss ion ru les and 
is continuous throughout pre launch, boost, and miss ion operat ion phases . 

The decision to abort can resu l t from cr i t ica l or noncr i t ical f a i lu res . 
A cr i t ical fai lure is defined as any fai lure which can resu l t in loss of life 
or loss of the vehic le . Noncr i t ica l fa i lures a re defined as (1) any fai lure 
which can cause an immedia te (safe) miss ion flight te rminat ion; (2) inability 
to achieve p r i m a r y or secondary miss ion object ives; or (3) launch scrub 
or delay. 

3 . 9 . 1 Boos te r /ESS Pad Abort 

The pad abor t (prelaunch) mode begins with crew loading and t e rmina tes 
at vehicle liftoff. Pad abor t opera t ions a re s imi la r for shuttle and ESS. A 

1-43 
SD 71-140-5 



I 

en
 

d 4»
 

o
 

I U
l 

SH
IP

 D
E

N
S

IT
Y 

(V
ES

SE
LS

 P
ER

 7
5,

00
0 

S
Q

. M
l.

) 

2 
4 

©
 

P
R

O
tA

M
U

TY
 O

F
 S

H
IP

 I
M

P
A

C
T 

F
ig

u
re

 
1

-1
8

. 
E

S
S 

D
eb

ri
s 

P
ro

b
ab

il
it

y 
of

 S
hi

p 
Im

p
ac

t 



28
00

-

24
00

-

20
00

-

16
00

-

12
00

 

80
0-

40
0 

R
E

TR
O

^v
 

IM
PU

LS
E

 

SE
LE

CT
ED

 A
V

 
55

0F
T/

S
E

C
 

(nmi 

L
L

j IMPACT RANG 

11
,0

00
-

10
,0

00
-

9,
00

0-

8,
00

0-

7,
00

0-

6,
00

0-

40
0 

50
0 

60
0 

70
0 

N
O

M
IN

A
L

 R
ET

RO
 A

V
 (

FT
/S

E
C

) 

A
V

 =
 5

50
 F

T/
S

E
C

 

t 

SE
LE

CT
ED

 «
 

- 
17

° 
N

O
S

E
 D

O
W

N
 

M
IN

.F
O

O
T

 P
R

IN
T

 

+ 
3_

£-

^4
Q

O
 

_3
O

O
 

_2
0©

 
-1

0°
 

0°
 

10
° 

20
° 

30
° 

FI
R

IN
G

 A
N

G
L

E
(<

*)
, D

EG
RE

ES
 

V
A

R
IA

B
LE

 

V
E

H
IC

LE
 B

R
EA

K
U

P
 

R
ET

R
O

 A
V

 

FI
R

IN
G

 A
N

G
LE

 

A
LT

IT
U

D
E

 

O
TH

E
R

 V
A

R
IA

TI
O

N
S

 
(W

IN
D

S
 I

G
N

IT
IO

N
 

TI
M

E
 E

R
R

O
R

. 
V

 E
R

R
O

R
. 

A
TM

O
S

P
H

E
R

IC
 

D
E

N
S

IT
Y

) 

TO
TA

L
 F

O
O

TP
R

IN
T

 
(A

LG
E

B
R

A
IC

 S
U

M
) 

TO
TA

L
 F

O
O

TP
R

IN
T

 
(R

O
O

T
 S

U
M

 
S

Q
U

A
R

E
) 

N
O

M
IN

A
L

 
V

A
LU

E
 

B
R

EA
K

U
P

 A
T

 
30

0.
00

0 
FT

 
A

SS
U

M
ED

 

55
0 

FT
/S

E
C

 

17
° 

27
0 

nm
i 

- - -

B
ES

T
 C

O
N

D
IT

IO
N

S
 

P
E

R
TU

R
B

A
TI

O
N

 

W
/C

pA
 V

A
R

IE
S

 
FR

O
M

 1
0T

0 
10

00
 L

B
/F

T2
 

• 1
%

 

15
° 

+ 
1 

nm
i - - -

TO
TA

L
 R

A
N

G
E

 
V

A
R

IA
TI

O
N

 
(n

m
i) 

40
0 

13
0 

10
0 60
 

10
0 

B
R

E
A

K
U

P
 

39
0 

+ 
40

0 
= 

79
0 

nm
i 

B
R

E
A

K
U

P
 

20
1+

50
0"

= 
60

1 
nm

i 

W
O

R
ST

 C
O

N
D

IT
IO

N
S

 

P
E

R
TU

R
B

A
TI

O
N

 

W
/C

oA
 V

A
R

IE
S

 
FR

O
M

 1
0T

O
 

10
00

 L
B

/F
T2

 

+4
%

 

+2
0°

 

tl
 n

m
i - -

TO
TA

L
 R

A
N

G
E

 
V

A
R

IA
TI

O
N

 
(n

m
i) 

40
0 

51
0 

45
0 60

 

10
0 

B
R

E
A

K
U

P
 

11
20

 +
 5

00
"=

 
15

20
 n

m
i 

B
R

E
A

K
U

P
 

69
0 

+ 
40

0 
= 

10
90

 n
m

i 

©
 

F
ig

u
re

 
1-

19
. 

E
S

S 
D

eo
rb

it
 

Im
p

ac
t 

F
o

o
tp

ri
n

t 



decis ion to abor t , a t t r ibutable to ei ther the booster or the ESS, would include 
immedia te shutdown of booster engines and crew e g r e s s . The booster crew 
e g r e s s e s rapidly , when crew safety is j eopard ized , while subsys tems a r e 
being deact ivated. Cr i t ica l sys t ems a r e safed and propel lants a re detanked, 
if nece s sa ry . These a r e al l r emote opera t ions . An inspection is then 
pe r fo rmed , along with any n e c e s s a r y maintenance and r e p a i r s . Correc t ion 
of the abor t condition is followed by a r e t u r n to launch countdown or standby 
s ta tus . 

3 . 9 . 2 Fl ight Abort 

Conditions that might r e su l t in abor t during the mated ascent phase 
of the mi s s ion a r e monitored continuously by the shuttle booster subsystem 
and crew. During initial p rogram fl ights , the ground stat ion will supplement 
the in tegra ted vehicle sys tem by coordinating operat ions for implementat ion 
of contingency act ions . 

Mated Ascent Booster Abort 

F r o m liftoff until normal mis s ion staging, this operat ional capability 
will exis t . Any booster c r i t ica l fa i lures will r equ i re ear ly ESS separa t ion 
p r io r to booster propellant depletion. After ear ly staging, the booster 
pe r fo rms an ascent to propellant depletion and then cruise maneuvers to 
p e r m i t r ecovery at the launch s i te . 

F o r non-c r i t i ca l fa i lures causing a p r e m a t u r e flight t e rmina t ion , the 
mated vehicle is flown to booster propellant depletion and to n e a r - n o r m a l 
staging separa t ion . 

Mated Ascent ESS Abort 

The decis ion to per form a mated ascent ESS abor t is based on c r i t i ca l 
f a i l u r e s , as for the booster . A cr i t i ca l fa i lure is defined as any fai lure 
which can jeopardize the booster crew and /o r r e s u l t in loss of the vehic le . 
Within the ESS s t ruc tu ra l and control design capabili ty, ear ly staging with 
resul t ing operable propulsion r equ i r e s flight to a downrange disposal s i t e . 
Al terna te contingency planning would pe rmi t the ESS to seek an a l te rna te 
low parking orbi t . 
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o 
4.0 OPERATIONS SUPPORT 

Operations support encompasses the equipment and se rv ices n e c e s s a r y 
to support space shuttle vehicles for scheduled launches , and associa ted 
miss ion support equipment and se rv i ce s a re p repa red to a s s i s t in successful 
miss ion completion. The p r i m a r y tasks of operat ions support a r e to provide 
operat ions management , ground operat ions support , and flight operat ions 
support. Operat ions support r equ i r emen t s for the ESS a r e basical ly satisfied 
by the support requ i red by the space shut t le , and do not add any major new 
r equ i r emen t s . The elements d i scussed in the paragraphs which follow a r e 
defined as essen t ia l to space shut t le /ESS p rogram objectives and miss ion 
operat ions support . 

4. 1 FLIGHT OPERATIONS SUPPORT 

Flight operat ions support includes the functions, equipment, and 
se rv ices requ i red for the flight. 

Mission flight support r e q u i r e s the following capabil i t ies: 

A. Capability to coordinate all ground flight support act ivi t ies and 
facil i t ies 

B. Data analysis capability 

C. Air and ground voice communicat ions capability 

D. Contingency support capability 

E. Te lemet ry 

F . Capability to maintain flight status information 

4. 1. 1 Meteorological Support 

The meteorological support function provides the interface among all 
shutt le/ESS operat ions and the s tandard available meteorologica l s e rv ices 
such as forecast ing space weather conditions. All meteorologica l act ivi tes 
operat ing together will provide meteoro log ica l support to the p r o g r a m . 
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4. 1. 2 Voice Communications 

Voice communications to the booster and interfacing elements of the 
shutt le p r o g r a m such as space stat ions will be controlled to provide a single 
ground interface during miss ion opera t ions . Voice t r a n s m i s s i o n from the 
booster will be moni tored to obtain status information and coordinate ground 
and onboard ac t iv i t i es . 

4. 1.3 Data Communications 

Data communicat ions provide the appropr ia te means for uplink and 
downlink data t r a n s m i s s i o n to and from the ESS and booster as r equ i red . 
Navigation aids for orb i ta l and aeronaut ica l opera t ions will be provided as 
r equ i red . S imi la r ly , c r i t ica l crew commands will be supplied as an e lement 
of flight support . 

To a s s u r e adequate communicat ions with the E S S / b o o s t e r / o r b i t e r , a 
geosynchronous t racking and data re lay sa te l l i te sys tem will be used in 
conjunction with some of the MSFN stat ions to provide continuous communica­
tions path during al l miss ion operat ions phase s . This method maximizes the 
ground station operat ions r equ i rement s and reduces the onboard computer 
memory , computer p r o g r a m s , and s torage r e q u i r e m e n t s . Using this method, 
sys tem condition, ESS posit ion, e r r o r co r rec t ion , e tc . , will be accomplished 
by the ground stat ion computers and opera t ions on a r e a l - t i m e bas i s . 

4. 1.4 Coordination of Flight Support E lements 

This coordination involves the es tab l i shment of repor t ing and com­
munication in te r faces . Mission status will be supplied to al l appropr ia te 
management or cognizant agencies . Voice links wil l be maintained between 
the launch facility before and during boost phases and other significant 
ac t iv i t i es , as appropr ia te . Flight schedules will be coordinated with other 
space p r o g r a m s to min imize in ter ference between shuttle launches and other 
space p r o g r a m s . Space station and other space p r o g r a m act ivi t ies will be 
coordinated with space shuttle opera t ions . During preopera t iona l m i s s i o n s , 
t racking s i tes will be supplied with ephemer i s and schedule information 
should t racking be r equ i red . 

4. 1. 5 Boost Monitoring 

Boost monitoring will provide the respons ib le ground and support 
e lements with appropr ia te sys tems s tatus data , range safety data , and data 
to support launch opera t ions . This function also will monitor the ascent of 
the booster and ESS when mated to support the p repa ra t ion of appropr ia te 
ground s y s t e m s . Voice communications with the booster crews will be 
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maintained. Te l eme t ry data rece ived from onboard sys tems will be recorded 
and the launch t r a jec to ry monitored. Vehicle separat ion will be monitored 
to verify sys tem pe r fo rmance . 
4. 1. 6 Mission Support 

The mi s s ion - suppor t function will provide ground support for the 
mis s ions . Navigation aids will be supplied, as appropr ia te , to the operat ions 
of each miss ion; navigation updates , pa r t i cu la r ly of orbi ta l posit ion, 
ephemer i s of other veh ic les , e tc . , will be provided. These aids may be 
especial ly impor tan t in the rendezvous with other vehic les . All act ivi t ies in 
this function will be or iented toward the sys temat ic collection of data and the 
implementat ion of a l te rna t ive plans so that contingencies can be supported 
from the ground. 

During m i s s i o n s , the ground will provide miss ion support s imi la r to 
Apollo and Skylab ground support . Te leme t ry and tracking data will be 
rece ived , p roces sed , and evaluated in r e a l t ime . Tra jec tory evaluation and 
maneuver planning will be per formed on the ground to verify onboard 
computations. 

4.2 OPERATIONS MANAGEMENT SUPPORT 

Shuttle sys tem support during operat ional phases include the o p e r a ­
tional tasks of maintaining a management information sys t em, providing 
crew training and software prepara t ion for each miss ion , and providing a 
scheduling capability for all sys tem e lements . Additional operat ions support 
effort is covered in the Logist ics and Maintenance Plan (Section 5 of this 
volume). 

4. 2. 1 F lee t Management and Planning Support 

The fleet management and planning (FMP) sys tem will be capable of 
overa l l planning and scheduling of shuttle act ivi tes including ground support 
operat ions and individual miss ion sequences . In addition, the F M P system 
will p r epa re and verify vehicle onboard software sys tems for each flight. 

Both long- and sho r t - r ange miss ion profiles will be genera ted . Inputs 
from NASA management will be requ i red six months to two yea r s pr ior to a 
miss ion with descr ip t ions of major miss ion objectives and cons t ra in t s . 
P r e l i m i n a r y miss ion profiles will indicate miss ion feasibi l i ty and contain 
p re l iminary miss ion data that can be used for miss ion planning. As the 
miss ion approaches , ref inements and a l tera t ions will be made to the miss ion 
descr ipt ion in response to feedback from the p re l iminary miss ion descr ipt ion. 
These ref inements will include m o r e p rec i se miss ion desc r ip t ions , including 
both detailed t ra jec to ry and crew t imel ines . 
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The fleet management and planning function will provide long- and 

sho r t - r ange schedules for both planning and implementing. Selected levels 
of detai l will be provided for the turnaround center , s imulat ion for t ra in ing, 
network fac i l i t i es , m i s s ion profiles and opera t ions , c r ews , inventory-
consumables , r e s o u r c e s , ground and flight opera t ions , boos t e r s , or b i t e r s , 
and ESS. 

4. 2. 2 Training and Development Support 

Simulation sys tems will be used to provide training and development 
support . The p r i m a r y purposes will be to t r a i n shuttle c r e w s , support 
t ra ining of ground flight support personnel , and validate the booster /ESS 
onboard software. 

Per iod ic training will be provided on a continuing basis for flight crews 
for specific miss ion t ra ining. The training sys tem will allow crews to 
exerc i se their skil ls and prac t ice flight p rocedures and operat ion of man i ­
pulator a r m s . All phases of shuttle operat ional act ivi t ies will be covered 
including nominal and a l te rna te m i s s i o n s . Training will include the effects 
of var ious payloads . 

Contingency and abnormal condition training will be provided, including 
malfunctions, sensor e r r o r s , communications p rob l ems , and multipoint 
f a i lu res . 

Simulation will support other specified ground support equipment 
faci l i t ies as a producer of s imulated data. These data will be supplied as 
a tape formatted for use di rect ly by the facility or as " l ive" data through 
data links between the facility and simulat ion. When data a r e t r ansmi t ted 
via data link, they will include changes reflecting r e sponses to data sent to 
s imulat ion via the r e t u r n data line by the facility. Support will be given to 
launch support , contingency control , and turnaround opera t ions . 

New or changed flight software will be tes ted and verif ied pr ior to use 
onboard by either the ESS or booster . 

Specific miss ion training will be provided to the c rews . The booster 
c r e w s , their backup c r ews , payload personnel (when applicable) , and 
contingency-control personnel will par t ic ipate in the training s e s s ions . The 
training will cover those portions of the miss ion that a r e unique or r equ i r e 
special crew efforts. Specific miss ion t ra ining will va ry with the miss ions 
f rom briefing sess ions to comprehensive format- t ra in ing s e s s ions . 
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4 . 2 . 3 Mission Information Support 

Management information upon which the opera t ions management , 
scheduling, and mis s ion prepara t ion a r e based will be provided. Systematic 
collection of data is fundamental to the other management functions. 

The fleet management and planning functions will be d i rec t ly supported. 
The ro les of fleet management , planning, and scheduling of the fleet miss ions 
and ground support , and development of flight software will be most active in 
the operat ional phase , but will commence during the development and testing 
phases to r each the requi red operat ional capabili ty. The fleet management 
and planning sys tem will r equ i re this function to r ece ive , s t o r e , p r o c e s s , 
and dis t r ibute planning and scheduling information flowing among the fleet 
management and planning function and al l ground and flight support e lements 
of the space shuttle p rog ram. A subfunction that will provide a l i b r a ry 
repos i tory of flight software is also included. 

The need exists among all space shuttle elements to have rapid access 
to accura te information regarding their own and other e lements . This infor­
mation management capability of the miss ion information sys tem (MIS) will 
be tai lored to support individual p rogram e lement r equ i rement s and will 
include provis ions that pe rmi t any element to acqui re information generated 
by other e l ements . Information may r e s ide in MIS files or in individually 
maintained files at other fac i l i t ies . Significant MIS subfunctions include 
responding to inquir ies from other space p r o g r a m s regarding shuttle 
schedules and support r equ i rement s and providing adminis t ra t ive and utility 
se rv ices in the a r e a s of system design a ids , compu te r - a s s i s t ed ins t ruc t ions , 
s ta t i s t ica l ana lys i s , modeling, and mathemat ica l computations. 

Operat ional configuration and interface information will be maintained 
to provide the means through which the configuration and interfaces of the 
total space shuttle p rogram and al l of i ts e lements and sys t ems can be 
current ly s ta tused. 

4. 2. 4 Launch Support System 

The launch support sys tem will support l aunch- read iness testing and 
fueling, pad support , range safety, launch abor t , and pad cleanup functions 
neces sa ry to fulfill the launch schedule projected for the shuttle p rog ram. 
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Preceding page blank 

5.0 SAFETY CRITERIA 

The safety c r i t e r i a delineated in the following pa rag raphs es tabl ish the 
pre l iminary safety basel ine cons t ra in ts and r equ i r emen t s requi red for manu­
facturing operat ions , t es t , checkout, pre launch, launch, miss ion operat ions , 
and deorbit of the ESS. 

5. 1 SAFETY CRITICAL OPERATIONS 

This section identifies operat ions involving hardware products and 
associated software which a r e considered hazardous . Included a r e opera ­
tions identified as having a hazard potential to hardware products , associa ted 
equipment, facilities, or operating personnel during manufacture, tes t , 
checkout, s tat ic firing, launch, flight, deorbi t , t r anspor t , handling, 
packaging, and cus tomer use . Training for work in hazardous a r e a s is also 
included. 

5. 1. 1 Categor ies 

The following operat ions have a high hazard potential to hardware 
product sys tems and a r e identified as hazardous : 

A. Ordnance Systems - Any operat ion involving the handling, t r a n s ­
porting, instal l ing, maintenance, tes t ing, and checkout of live 
ordnance devices ; any operat ion, deactivation, or checkout of a 
sys tem after live ordnance i t ems have been instal led. 

B. High-Energy P r e s s u r e Systems - Any operation involving sys tems 
which use p r e s s u r e s in excess of 150 psi ; any operat ion of gaseous 
sys tems having p r e s s u r e v e s s e l s in which the contained energy 
exceeds the equivalent of 0. 01 pound of TNT. 

C. Cryogenic Propel lant Sys tems - Any operation involving loading, 
off-loading, or system activation with cryogenics . 

D. E l ec t r i c a l /E l ec t ron i c Sys tems - Any operat ion involving the initial 
power-up or power-down of e l ec t r i ca l / e l ec t ron i c sys tems of a tes t 
facility, ground support equipment, or end-i tem vehicle following 
init ial instal lat ion, modification, or sys tem repa i r ; any power-up 
or power-down during init ial checkout of integrated sys tems ; any 
operation of a ba t te ry-powered e lec t r i ca l system of 28 volts or 
higher which does not have current - l imi t ing , devices . iich does not have current- l imit ing; de' 
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E. Handling Operat ions - Any operat ion involving the lifting, loading, 

packaging, or t ranspor t ing of de l iverable end i t ems , subassembl ies , 
major a s s e m b l i e s , del icate components , support equipment, or 
dangerous ma te r i a l s or fluids where the re is r i s k of damage to 
del iverable products or injury to operat ing personnel , 

F . Mater ia l and Equipment Operat ions - Any operat ion involving the 
use of toxic, explosive, f lammable , or co r ros ive m a t e r i a l s or 
radiat ion devices which presen t a high hazard potential to products 
or personnel . 

G. Launch and Static Fi r ing Operat ions - Any operat ion conducted 
during pre launch p repa ra t ions and countdown for any launch or 
s tat ic firing. 

H. Other Operat ions - Any operat ion classified as hazardous as a 
resu l t of a hazard analysis which could damage the hardware 
product or injure personnel and which is not a candidate for 
classif icat ion as safe ty-cr i t ica l under one of the above definitions. 

5. 1. 2 General C r i t e r i a 

The ESS and GSE designs will incorpora te safety features and c h a r a c ­
t e r i s t i c s which pe rmi t maximum personnel and equipment safety during all 
phases of the ESS p r o g r a m ground and flight opera t ions . Safety c r i t e r i a 
contained here in will include, but a r e not l imited to, the following: 

A. ESS Vehicle 

Units will be so located and mounted that a cces s to them can be 
achieved without danger to personne l from e lec t r i ca l charge, heat, 
moving p a r t s , chemical contamination, pyrotechnic devices , and 
other harmful sources . 

Individual grounds will be provided for al l e l ec t r i ca l equipment. 

E lec t r i ca l equipment will be explosive-proof. 

Sharp edges and pro t rus ions will be avoided. 
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Any plumbing and tubing for liquid, gas , and s team will be c lear ly 
marked as to the contents, p r e s s u r e , t empera tu re of contents , 
flow direct ion, and any specific hazard p rope r t i e s . 

Colors for identification of equipment and conditions will be used 
to guard against inadvertent operat ion of or accidental contact with 
equipment which may resu l t in injury or damage. 

B. Ground Support Equipment 

GSE will be designed so that potential hazardous or dangerous 
a r e a s — e l e c t r i c a l , mechanica l , or fluid — will not be a safety 
constra int when the GSE is being maintained, r epa i red , instal led, 
and cal ibra ted. 

Propel lan t tanks , feedlines, engines, and liquid hydrogen ground 
supply sys tems will be attached to the site grounding grid. 

P recau t ions will be taken to prevent formation of dangerous 
mix tures of hydrogen and oxygen or a i r . Hydrogen detection 
sys tems will be utilized to detect buildup of hydrogen concentra­
t ions , thus warning of leaks . Hydrogen equipment and piping will 
be purged to an acceptable chemical content with a compatible 
iner t gas pr ior to introduction of hydrogen. 

Sources of ignition will be removed. High operating t empera tu re 
equipment or hot exhaust gases will not be permi t ted in the 
immedia te a r e a , and e lec t r ica l components will be hermet ica l ly 
sealed and no arc ing will be permi t ted . 

P rov i s ions will be made to prevent air ingestion in the propellant 
s y s t e m s . 

Prov i s ion will be made to safely dispose of surplus liquid hydrogen. 

Ground support equipment fuel and oxidizer l ines for vehicle tanking 
and detanking will be separa ted . During cryogenic tanking opera ­
t ions , the ullage p r e s s u r e will be continuously monitored. The 
support equipment will be capable of unloading and safing the 
vehicle under any credible accident or vehicle fai lure. 

The ground support equipment will provide a rapid means for 
shutoff and isolation of fuel from ignition sou rces . P rov i s ions will 
be made to stop flow of propel lants in case of line rup tu re . 
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The launch pad se rv ice tower design must incorpora te emergency 
e g r e s s capability for personnel during launch opera t ions . 

5. 1. 3 P r o c e d u r e s for a l l Hazardous Operat ions 

Each opera t ions document will be reviewed by Engineering and Test 
Operat ions and those considered safe ty-cr i t i ca l will be so designated to 
a s s u r e special considerat ion by al l responsib le functions. 

Once an operat ion is de termined to be safe ty-cr i t i ca l , the following 
act ions a r e requ i red to a le r t personnel , to minimize potential h a z a r d s , and 
to es tab l i sh controls and emergency p rocedures : 

A. The cover sheets of the operat ions p rocedures and other control 
documents will be labeled to warn personnel that sa fe ty -c r i t i ca l 
operat ions a r e involved. (Examples : "Th i s P r o c e d u r e Includes 
Safe ty-Cri t ica l Opera t ions , " or "Safety Cr i t i ca l " . ) 

B. A numbered section devoted to safety r equ i r emen t s will be included 
in the operat ions p rocedures . This section will desc r ibe the safety 
respons ib i l i t i e s , equipment, controls , p rocedu re s , and r e s t r i c ­
t ions , and will identify simultaneous operat ions that a r e incom­
patible and a r e to be avoided. 

C. Immediately preceding sa fe ty -c r i t i ca l s teps throughout the text of 
p rocedures and control documents will be pert inent safety notes 
and warnings which define the haza rds and l imitat ions and p r e ­
sc r ibe cont ro ls . 

5. 1. 4 Range Safety 

Range safety opera t ions a r e to include c learance of downrange a r e a s , 
safety monitoring of pad opera t ions , and the other t radi t ional ro le s of range 
safety as called out by the Range Safety Manual, AFETRM 127-1. 

5. 2 PERSONNEL QUALIFICATION AND CERTIFICATION FOR 
HAZARDOUS OPERATIONS 

5. 2. 1 P e r s o n n e l Qualification and Cert if icat ion Definition 

The following definitions apply to personnel qualification and 
cert if ication: 

A. Certif ication - The act of a t tes t ing, by an objective wi tness , that a 
qualified pe r son can proficiently apply his abil i ty, t ra in ing, and 
exper ience within acceptable levels neces sa ry to accompl ish a 
specified task. 
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B. Qualification - The act of a s se s s ing personnel abili ty, t ra in ing, 

exper ience , and individual identification to a minimum set of 
r equ i r emen t s requi red to per form a specified task . 

Requi rements 

The following r equ i r emen t s must be fulfilled: 

A. Hazardous Operat ions - To a s s u r e product integri ty through al l 
phases of product test ing, it is mandatory that a l l ac t iv i t ies which 
contain hazardous operat ions a r e per formed by qualif ied/cert if ied 
personnel . 

B. Records - Complete , accu ra t e , permanent r e c o r d s of the 
qual if icat ion/cert i f icat ion p rog ram will be maintained and audited 
to ensure that every possible t ra ining factor which could contribute 
to delayed schedules or adve r se p rog ram conditions is el iminated. 

C. Implementat ion - A per sonnel /qual i f icat ion/cer t i f icat ion plan will 
be p repa red which es tab l i shes min imum requ i r emen t s for 
individual and test c r e w / t e a m cert if ication. 
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APPENDIX B. ESS/REUSABLE SHUTTLE BOOSTER OPERATIONS 

O p e r a t i o n s p e r s o n n e l m u s t be pa id on an a n n u a l b a s i s , -not p e r o p e r a t i o n ; 
t h e r e f o r e , to be c o s t - e f f e c t i v e , e i t h e r the l aunch r a t e of ESS m u s t be suff i ­
c i en t ly h igh to w a r r a n t a d e d i c a t e d o p e r a t i o n s c r e w or the ESS and s p a c e 
shu t t l e should have a d e q u a t e c o m m o n a l i t y of s u b s y s t e m s so a s to s h a r e 
o p e r a t i o n s p e r s o n n e l . 

A s s u m e : 

t e = w o r k i n g days r e q u i r e d p e r ESS o p e r a t i o n = 36 

y e = n u m b e r m e n r e q u i r e d p e r ESS o p e r a t i o n = 40 

R E = ESS f l ights p e r y e a r 

36 R E = w o r k i n g days r e q u i r e d p e r y e a r of ESS o p e r a t i o n s 

1440 Rjr = w o r k i n g m a n - d a y s r e q u i r e d p e r y e a r of ESS o p e r a t i o n s 

A s s u m e 260 w o r k i n g days p e r y e a r 

1440 R 
Y E = - ^ 6 0 — = 5 . 5 4 R E 

Y E > y e = 40 40 < 5. 54 R E R £ > 7. 23 

Th i s r e v e a l s that 40 m e n a r e r e q u i r e d p e r ESS o p e r a t i o n , and if th i s 
p r o g r a m (ESS) is e x c l u s i v e , t h e n 40 m e n a r e r e q u i r e d on an annua l b a s i s for 
any l aunch r a t e l e s s than 7 . 2 3 p e r y e a r . H o w e v e r , th i s ESS o p e r a t i o n should 
not be e x c l u s i v e and should be ab le to s h a r e p e r s o n n e l f rom the s p a c e shu t t l e 
b e c a u s e of the p r o p o s e d c o m m o n a l i t y in s u b s y s t e m s . S ince the ESS o p e r a t i o n 
i s a d d i t i v e , m o r e p e r s o n n e l a r e r e q u i r e d for the s p a c e shu t t l e to c o m p e n s a t e 
for m a n p o w e r l o s s e s du r ing ESS o p e r a t i o n s t h r o u g h the fo l lowing: 

X s = n u m b e r of p e r s o n n e l r e q u i r e d (annual ly) for s p a c e s hu t t l e 

260 X s = m a n - d a y s r e q u i r e d (annual ly) by s p a c e shu t t l e 
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© 
then 

(Xs + A p) (260 - 36 R E ) + (Xs + A p - 40) (36 R E ) = 260 X s 

260 X s - 36 R E
X

S
 + 2 6 0 Ap - 36 R E A p + 36 R £ X S + 36 R E A p 

260 A p - 1440 R E = 260 X s - 260 X s = 0 

260 A p = 1440 R E 

1440 R E 
A p = 2 6 0 = 5 . 5 4 R E 

where R E = two flights per year 

p = 11.08 = 12 

( p mus t be rounded up to the nea re s t whole number , since par t ia l personnel 
cannot be maintained) 

where RTT = 4 

w he re R v = 6 

Ap = 22. 2 * 23 

A p = 33. 2 ~ 34 

where R E = 10 

A p = 55.4 ~ 56 

This information can be plotted in s eve ra l ways (see F igure B - l ) . 

1. If the number of launches per year mus t be a whole number , then 
the number of personnel can be found (minimum point) on the 
s t a i r s t ep when sharing (with space shuttle) is a ssumed. 

2. If sharing (with space shuttle) is not possible , then 40 dedicated 
personnel a r e required from 1 to 7. 23 launches per year . 

3. Since it is neces sa ry to provide personnel in whole numbers , the 
number of launches per year can be a mixed number; thus, the 
number of launches per year can be found by entering with the 
quantity of shared personnel , and using the s t ra ight line, e. g. , 
20 personnel a r e required for three launches per year , but they 
a r e capable of 3. 6 launches per year . 

- 1440 R E = 260 X s 
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o 
The quantity of personnel requi red per ESS operat ion was es t imated 
as 40, which should be capable of up to 7. 23 launches per year ; 
therefore , 40 persons a r e requi red if no sharing is poss ib le . 

cc < 

I o 
3 < 

14 

12 

10 PERSONNEL REQUIRED 
WITHOUT SHARING 

^rx 12 16 20 24 28 32 36 40 44 48 

ADDITIONAL PERSONNEL TO SPACE SHUTTLE (DIRECT PERSONNEL) 

52 56 60 

Figure B - l . ESS Operat ions Pe r sonne l Requi rements 
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SECTION I I . FACILITIES UTILIZATION AND 

MANUFACTURING PLAN 

1.0 INTRODUCTION 

1. 1 PURPOSE 

The Fac i l i t i e s Util ization and Manufacturing P lan (FUMP) has been 
prepared to desc r ibe the major facility r equ i rement s for the Expendable 
Second Stage (ESS) (WBS i tem 1. 0), Booster Modifications (WBS 3. 0), and 
Separation St ructure (WBS 7. 0). The plan also desc r ibes the Manufacturing 
technology requ i rements and p r e sen t s the a r e a s of concern for the p r o ­
duction of the ESS. P a r a g r a p h s 2. 0 through 5. 0 a r e specifically oriented 
towards the ESS. P a r a g r a p h 6. 0 desc r ibes the FUMP for the booster 
modifications and the separat ion s t ruc tu re . 

1.2 SCOPE 

The faci l i t ies pa r t of this section is organized by the major divisions 
of effort. The faci l i t ies r equ i r emen t s for test ing, fabrication, assembly , 
and operat ions a r e descr ibed in this section. The NR, NASA, and major 
subcontractor facil i t ies requi red a r e identified. 

The Manufacturing Technology section of the plan desc r ibes the 
var ious technologies required to produce the ESS. This section includes a 
task analys is , an S-II/ESS commonali ty study, and desc r ibes the major 
manufacturing a r e a s of concern. 

The plan indicates the u s e of government furnished equipment and 
machine tools , major t es t equipment, and GSE. 

1.3 SCHEDULE 

The production opera t ions schedule for an Expendable Second Stage is 
shown in F igu re 2 - 1 . 
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1. 2 3 | 4 5 6 7 8 ! 

MONTHS 
9 |l0 11 12 13 14 15 16 17 18 19 20J21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36J37|38J39 

ILH2[ FWD LH2 I MAT-'L DETAIL FAB W 

CYLINDER 5 I MAT'L DETAIL FAB W SF 

CYLINDER 4 I MAT'L DETAIL FAB W m 
CYLINDER 3 I MAT'L DETAIL FAB W SF 

IX 

5/4 

-h 

FFS I MAT'L DETAIL FAB WELD 

L/U & BN 

AFSI MAT'L DETAIL FAB WELD 

I T/W 

CYLINDER 21 MAT'L DETAIL FAB W 3 " 

CYLINDER 1 I MAT'L DETAIL FAB W m 
1/2 

SIM T/S 

SIM 
F/S 

B/R I 
H SW 

AFT L02 BLK HD | MAT'L j DETAIL FAB W $ STTV 

THRUST STRUCT I MAT'L C DETAIL FAB ASSY BRKT M/U SYS 

FWD SKIRTI MAT'L C DETAIL FAB pEEM M/U SYS 

tuk INSUL 

M/U 

SYS 

FIT 
CK 

LEGEND 

B/R = BOLTING RING 
CL = CLEAN 

C/O = CHECKOUT 
F = FRAMING 

FS = FORWARD SKIRT 
H = HYDROSTATIC TEST 
J = J WELD 

LG = L02 GIRTH WELD 
M/U = MOCKUP 

PN = PNEUMOSTATIC TEST 
SW = STUD WELD 
T =TRACE CONTOUR 

TS = THRUST STRUCTURE 
T/W = TRIM AND WELD 

W = WELD 

Figure 2 - 1 . ESS Product ion Operat ions Schedule 
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2. 0 F A C I L I T I E S 

2. 1 SUMMARY 

S e l e c t i o n of f a c i l i t i e s to s u p p o r t t h e ESS p r o g r a m -was b a s e d upon 
c o n s i d e r a t i o n of s e v e r a l s i t e s for d e v e l o p m e n t , qua l i f i ca t ion and a c c e p t a n c e 
t e s t i n g , and the f a b r i c a t i o n of s t a g e d e t a i l p a r t s . The s u b a s s e m b l y and 
a s s e m b l y o p e r a t i o n s a r e g round ru l ed to the NASA Seal B e a c h a s s e m b l y 
fac i l i ty . L a u n c h o p e r a t i o n f a c i l i t i e s a r e d i s c u s s e d only b r i e f l y in t h i s p l an 
s i n c e t h e y w e r e d i s c u s s e d in s o m e d e t a i l in t h e O p e r a t i o n s P l a n , Sec t ion 1 
of t h i s v o l u m e . T h e a p p r o a c h wil l be to u t i l i z e e x i s t i n g g o v e r n m e n t - o w n e d 
f a c i l i t i e s , c o n t r a c t o r - o w n e d f a c i l i t i e s , and f a c i l i t i e s a v a i l a b l e t h r o u g h o t h e r 
g o v e r n m e n t c o n t r a c t o r s for d e t a i l and componen t f a b r i c a t i o n . 

The ESS p r o d u c t i o n p r o g r a m wi l l u s e t h e NASA Seal B e a c h a s s e m b l y 
f ac i l i t y in t o t a l . The fac i l i ty d o e s not have the c a p a b i l i t y h o w e v e r to h a n d l e 
two m a j o r p r o g r a m s c o n c u r r e n t l y . 

The r e c o m m e n d e d fac i l i ty u t i l i z a t i o n i s t ha t : d e v e l o p m e n t , 
qua l i f i ca t ion and a c c e p t a n c e t e s t i n g wil l be conduc ted at the NR Downey 
fac i l i ty , NR Seal B e a c h fac i l i ty , NASA Seal B e a c h fac i l i ty , M S F C , 
KSC, Wyle L a b o r a t o r i e s (Hun t sv i l l e ) , and e i t h e r L a n g l e y R e s e a r c h C e n t e r , 
A m e s R e s e a r c h C e n t e r , or AEDC Von K a r m a n Gas D y n a m i c s F a c i l i t y ; 
de t a i l f a b r i c a t i o n wil l be conduc ted a t N R ' s Downey fac i l i ty , N R ' s L o s 
A n g e l e s f ac i l i t y , and s e l e c t e d s u b c o n t r a c t o r s ; s u b a s s e m b l y and a s s e m b l y 
wi l l be conduc ted a t NASA Seal B e a c h ' s a s s e m b l y fac i l i ty . T h i s f ac i l i t y 
con t a in s a d e q u a t e f loor s p a c e to a c c o m m o d a t e the ESS p r o d u c t i o n o p e r a t i o n s 
and p r o v i d e s suf f ic ient b r i d g e c r a n e c a p a c i t y to hand le the m o v e m e n t and 
t r a n s f e r of s u b a s s e m b l i e s and a s s e m b l i e s . 

T h e NR Seal B e a c h fac i l i t y c o n t a i n s suff ic ient office a r e a to 
a c c o m m o d a t e the r e q u i r e d ESS e n g i n e e r i n g staff in e i t h e r Bui ld ing 80 
(8 f loo r s ) o r Bui ld ing 81 (3 f l o o r s ) , s e e F i g u r e 2 - 2 . 

2 . 2 D E V E L O P M E N T / Q U A L I F I C A T I O N TEST F A C I L I T I E S 

T h i s s e c t i o n l i s t s spec i f i c funct ional t e s t o p e r a t i o n s and d e s c r i b e s , 
w h e r e a p p l i c a b l e , t he s i t e s and f a c i l i t i e s r e q u i r e d . The u t i l i z a t i o n of 
ex i s t i ng s i t e s , f ac i l i t y e q u i p m e n t and s p e c i a l t e s t e q u i p m e n t is u sed a s a 
b a s e in d e t e r m i n i n g and r e c o m m e n d i n g t h e f a c i l i t i e s for t h e s u p p o r t of t h e s e 
m a j o r t e s t s . 
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2 . 2 . 1 S t r u c t u r a l / D y n a m i c T e s t i n g 

The c o n t r a c t o r ' s e n g i n e e r i n g d e v e l o p m e n t l a b o r a t o r i e s wi l l p e r f o r m 
t e s t i n g of s t r u c t u r a l c o m p o n e n t s d u r i n g the d e s i g n p h a s e and t h r o u g h o u t the 
d e v e l o p m e n t p e r i o d . T h e s e t e s t s wi l l be a c c o m p l i s h e d to e v a l u a t e f a b r i ­
ca t ion m e t h o d s , m a t e r i a l s , and p r o c e s s i n g , and to ve r i fy d e s i g n c o n c e p t s . 
D u r i n g th i s p h a s e of d e v e l o p m e n t , c l o s e a s s o c i a t i o n of d e s i g n and t e s t s wi l l 
be r e q u i r e d at the p r i m e c o n t r a c t o r ' s c e n t r a l b a s e . The t e s t i n g of s u b ­
a s s e m b l i e s and a s s e m b l i e s wi l l r e q u i r e t h e u s e of s p e c i a l i z e d f a c i l i t i e s , 
wi th e x t e n s i v e c a p a b i l i t i e s , w i th in t h e g o v e r n m e n t or i n d u s t r i a l b a s e . 

S t r u c t u r a l T e s t s 

S t r u c t u r a l t e s t s wi l l be conduc ted on a d e d i c a t e d f u l l - s c a l e t e s t 
v e h i c l e and on m a j o r s u b a s s e m b l i e s . The t e s t s r e q u i r e m i s c e l l a n e o u s load 
app l i ca t i on d e v i c e s for v a r i o u s t e n s i o n s , t o r s i o n s , and c o m p r e s s i o n s . Load 
and s t r a i n m e a s u r i n g and r e c o r d i n g s y s t e m s wi l l a l so be r e q u i r e d to s u p p o r t 
t h e s e t e s t s on t h e f o r w a r d s k i r t , LrL> tank , aft s k i r t , b o o s t e r a t t a c h m e n t 
f i t t ings and o t h e r v e h i c l e c o m p o n e n t s . The t e s t s to be p e r f o r m e d on the 
full s c a l e v e h i c l e in a v e r t i c a l p o s i t i o n wi l l r e q u i r e a l a r g e t e s t s t r u c t u r e 
c a p a b l e of s u p p o r t i n g the loaded v e h i c l e . T h e s e t e s t s wi l l be a c c o m p l i s h e d 
a t NASA fu rn i shed f a c i l i t i e s . 

D y n a m i c T e s t s 

H o r i z o n t a l d y n a m i c t e s t s •will be p e r f o r m e d on the f i r s t m a t e d Space 
Shut t le B o o s t e r and E x p e n d a b l e Second S tage . T h i s wil l c o n s i s t p r i m a r i l y 
of a ground v i b r a t i o n t e s t . The v e h i c l e s wi l l be s u p p o r t e d on a l o w - f r e q u e n c y 
s u s p e n s i o n s y s t e m wi th m u l t i p l e s h a k e r s a t t a c h e d to the v e h i c l e . Da t a 
a c q u i s i t i o n and c o n t r o l e q u i p m e n t wi l l be p o r t a b l e . Th i s t e s t -will be c o n ­
ducted at t h e l a u n c h s i te u s i n g a v a i l a b l e bu i ld ings and equ ipmen t . 

2 . 2 . 2 Wind Tunne l T e s t 

Wind tunne l t e s t i n g wil l be conduc ted on m o d e l s to p r o v i d e t h e 
a e r o d y n a m i c and d y n a m i c da t a n e e d e d to s u p p o r t f inal d e s i g n d e c i s i o n s , 
c r i t e r i a and conf igura t ion . T h i s t e s t o p e r a t i o n wi l l be p e r f o r m e d a t s e v e r a l 
wind tunne l f a c i l i t i e s : L a n g l e y R e s e a r c h C e n t e r , A m e s R e s e a r c h C e n t e r , 
AEDC Von K a r m a n Gas D y n a m i c s F a c i l i t y , o r NR Los Ange le s D i v i s i o n . 
T h e s e f a c i l i t i e s have the c a p a b i l i t y for h y p e r s o n i c , t r a n s o n i c , s u p e r s o n i c , 
and subson ic t e s t . The a c t u a l f a c i l i t i e s to be u s e d wi l l be d e t e r m i n e d 
following def in i t ion of a final ESS d e v e l o p m e n t s c h e d u l e to be d e v e l o p e d 
d u r i n g P h a s e C. 
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2 . 2 . 3 Orbit Maneuvering and Auxil iary Propuls ion Subsystem 

Development of the orbit maneuver ing and atti tude control engines -will 
be accomplished at the respec t ive manufac tu re r ' s fac i l i t ies . Integration 
tes t ing of these subsys tems will be per formed at the projected space shuttle 
facility at White Sands. 

2 . 2 . 4 Integrated Avionics Subsystem Tes t s 

Development of each avionics subsys tem will be accomplished using 
breadboards and /o r flight ha rdware and integrat ion test ing of each sub­
sys tem at the con t r ac to r ' s engineering l a b o r a t o r i e s . Integration of avionics 
subsys tems will be accomplished in the Avionics Subsystems Integration 
Labora to ry (ASIL) established for the Space Shuttle P r o g r a m . 

2 . 2 . 5 Static F i r ing Tes t s 

The f i rs t two production ESS vehicles will be subjected to stat ic firing 
at KSC. Without the Space Shuttle P r o g r a m , th is s tat ic firing would have 
been planned for M T F ; however, the Space Shuttle Orbi te r is to be stat ic 
fired at KSC, supported from the normal separa t ion fittings. The ESS 
separa t ion fittings will also fit that support . The support will s imulate the 
boos te r in s ize , so the orb i te r and ESS will be p roper ly positioned to 
receive the operat ional swing a r m s and s e r v i c e s . Use of this support for 
s tat ic firing at KSC el iminates the need for modification of MTF to provide 
for the ESS. 

2. 3 PROPELLANT TANK FABRICATION AND SUBASSEMBLY FACILITIES 

This sect ion desc r ibes the fabricat ion of the propellant tank de ta i l s , 
the subassembly and the verif icat ion t e s t s requi red during the normal product 
flow. The facil i t ies descr ibed a re existing buildings and equipment util ized 
during the fabricat ion of the Saturn S-II boos te r and a r e located at Seal 
Beach unless noted otherwise (Figure 2-3) . 

2. 3. 1 Fuel and Oxidizer Bulkheads 

The bulkheads which will form the upper port ion of the LH2 fuel tank, 
the aft section of the LO2 tanks, and the common bulkhead separat ing the 
LH2 and LO2 tanks , a r e welded a s sembl i e s composed of 12 gore sections 
and <a dollar , or polar cap. The gore panels for the bulkheads will be either 
s t r e t ch or h igh-energy formed, chem-mi l led , and then square-but t fusion 
welded to form a dome. Each bulkhead will then have a dollar section fusion 
welded to the apex of the gore sections to complete the assembly (Figure 2-4). 
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DOLLAR 
SECT 

HONEYCOMB CORE 

•DOLLAR 

COMMON BULKHEAD 
ASSEMBLY 

AFT FACE SHEET 
AFT FACE SHEET ASS'Y 

> ! i = ^ — DOLLAR SFC'T 

AFT LQX BIK'D-GORF ASSY 

AFT LQX BULKHEAD 
ASSEMBLY 

Figure 2-4. Tank Bulkhead Assembly 
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The LH2 forward bulkhead, the common bulkhead aft facing sheet , and 
the LO2 aft bulkhead will be hydro s tat ical ly tes ted after completion of the 
dol lar weld. After the completion of hydros ta t ic tes t ing, spray foam 
insulat ion will be applied to the LH2 bulkhead. The common-bulkhead 
forward-facing sheet will be hel ium leak tes ted (Figure 2-5) . 

The common bulkhead is a complex s t ruc tu re unique to the S-II and its 
de r iva t ives , consist ing of the two, welded, a luminum bulkheads with a 
honey-comb core bonded between them. 

Buildings and S t ruc tures 

The fabricat ion of the bulkhead gore sections can be accomplished at 
the con t rac to r s facil i t ies uti l izing existing equipment and tooling. The high-
energy forming and the chem-mi l l operat ion will be subcontracted to vendors 
p resen t ly facilitized to handle these p r o c e s s e s . The subassembl ies 
operat ions include: welding gore sections together; testing the completed 
bulkheads, and applying the spray foam insulation. These operat ions will be 
accomplished at the existing NASA Seal Beach assembly facility in the bulk­
head fabrication building which includes the required environmental ly 
controlled a rea . 

2. 3. Z Fuel Tank Cyl inders 

Each LH_ tank cylinder assembly will be composed of four, machined, 
b rake- formed panels fusion-welded together . Five cylinder a s sembl i e s 'will 
compr i se the tank, with four of them having internal f rames mechanical ly 
attached to integral ly machined r ibs on the skin panels . The No. 2 cylinder 
for the ESS -will differ from the equivalent S-II cylinder in that it will have 
two fuel outlet openings instead of the five required on the S-II. The tank 
cylinder a s sembl ie s will be fabricated and assembled util izing the tooling 
and welding p r o c e s s e s developed for production of the S-II (Figure 2-6). 

After completion of the welding and framing operat ions , spray foam 
insulation will be applied to the cyl inders (Figure 2-7). The welded a r e a s 
will be left open to pe rmi t quality control operat ions after the completion of 
stage pneumostat ic test ing. 

Buildings and St ruc tures 

Fac i l i t i e s a r e available at the con t r ac to r ' s s i tes to pe r fo rm the detai l 
fabricat ion of the cylinder quar te r panels and framing. The subassembly 
operat ion will consis t of ver t ica l ly welding, in a controlled environment, 
the four LrL, panels together to form a cylinder. The completed cyl inders 
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CYLINDER 5 PANELS 

CYLINDER 4 PANELS 

CYLINDER 3 PANELS 

CYLINDER 2 PANELS 

CYLINDER I PANELS 

CYLINDER 5 

CYLINDER 4 

CYLINDER 3 

CYLINDER 2 

CYLINDER I 

Figure 2-6. LH_ Tank Cylinders 
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wil l t h e n be s p r a y f o a m e d wi th t h e p o l y u r e t h a n e i n s u l a t i o n in an e n v i r o n ­
m e n t a l l y c o n t r o l l e d a r e a a f t e r i n s t a l l a t i o n of t h e e r o s i o n - b a r r i e r s p a c e r 
b l o c k s . T h e we ld ing and t h e s p r a y f o a m a p p l i c a t i o n wil l be a c c o m p l i s h e d 
wi th e x i s t i n g f a c i l i t i e s at t h e NASA Sea l B e a c h a s s e m b l y fac i l i ty in t h e 
bu lkhead f a b r i c a t i o n bu i l d ing . 
2 . 4 S T R U C T U R A L F A B R I C A T I O N AND SUBASSEMBLY F A C I L I T I E S 

T h e f a b r i c a t i o n of s t r u c t u r a l d e t a i l s and s u b a s s e m b l y o p e r a t i o n s for 
the bo l t ing r i ng , t h r u s t cone , aft s k i r t , and the f o r w a r d s k i r t wi l l be in 
f a c i l i t i e s e x i s t i n g in t h e c o n t r a c t o r ' s i n d u s t r i a l b a s e , NASA a s s e m b l y 
f a c i l i t i e s , and f r o m a v a i l a b l e s u b c o n t r a c t o r s ( F i g u r e 2 - 8 ) . 

2. 4 . 1 Bol t ing Ring 

The bol t ing r i n g 'will be an e x t e r n a l s t r u c t u r a l r ing u s e d to j o in the 
p r e v i o u s l y welded L H ^ - t a n k l o w e r c y l i n d e r and L H 2 / L 0 2 ~ t a n k c o m m o n 
bulkhead a s s e m b l y , to the L O 2 - t a n k aft bu lkhead and the t h r u s t s t r u c t u r e . 
The r ing wi l l c o n s i s t of 12 s e g m e n t s a p p r o x i m a t e l y 1 6 - i n c h e s h igh and wi l l 
be p o c k e t - m i l l e d wi th i n t e g r a l f l anges and s t i f f ene r s on the o u t s i d e s u r f a c e . 

Bui ld ings and S t r u c t u r e s 

The de t a i l f a b r i c a t i o n of the bol t ing r i n g wil l be a c c o m p l i s h e d wi th in 
the c o n t r a c t o r ' s e x i s t i n g i n d u s t r i a l b a s e , w i th i n s t a l l a t i o n t ak ing p l a c e d u r i n g 
final a s s e m b l y a t the NASA Sea l B e a c h a s s e m b l y fac i l i ty . 

2 . 4 . 2 Aft S k i r t 

The ESS aft s k i r t a s s e m b l y ( F i g u r e 2-9) wil l c o n s i s t of two m a j o r 
s u b a s s e m b l i e s ; t he aft s k i r t and the t h r u s t cone . The aft s k i r t -will be of 
s e m i m o n o c o q u e c o n s t r u c t i o n w i t h h a t - s h a p e d e x t e r n a l s t r i n g e r s m e c h a n i c a l l y 
a t t a c h e d to sk in p a n e l s and i n t e r n a l f r a m e a s s e m b l i e s . Two l a r g e s e p a r a t i o n 
a t t a c h f i t t ings for a t t a c h m e n t to the b o o s t e r s e p a r a t i o n p l a t f o r m wi l l be 
m e c h a n i c a l l y a t t a c h e d to the sk in pane l and i n t e r n a l f r a m e a s s e m b l i e s . The 
t h r u s t cone and engine b e a m wi l l be a s s e m b l e d and jo ined to the aft s k i r t 
wh ich wil l a l s o con ta in the fuel and o x i d i z e r t a n k s for the a u x i l i a r y p r o ­
p u l s i o n s y s t e m e n g i n e s . The a f t - s k i r t b o l t i n g - r i n g engine a t t a c h and l a u n c h 
a t t a c h f i t t ings wi l l be m a s t e r j i g l o c a t e d d u r i n g a s s e m b l y . 

Af te r j o in ing of the two s u b a s s e m b l i e s , t he OMS t a n k s and fuel and 
o x i d i z e r feed l i n e s wi l l be i n s t a l l e d and p r o o f - t e s t e d , a f t e r wh ich the 
a v i o n i c s and o t h e r s y s t e m c o m p o n e n t s wi l l be i n s t a l l ed for f inal a s s e m b l y 
m a t i n g . 
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THRUST CONE 'x4 PANEL'S 

£ 
ENGINE BEAM 

SEPARATION 
ATTACH FTfc. 

SECTION A-A 

AFT SKIRT > 4 PANELS 

^ A AFT 
SKIRT STRUCTURE 

ASSEMBLY 

Figure 2-9 . Aft Skirt St ructure Assembly 
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Buildings and S t ruc tures 

The aft skir t , t h rus t cone, and engine beam detai ls will be fabricated 
at the con t r ac to r ' s industr ia l base. The individual pa r t s will be shipped, 
after prefi t , to the NASA assembly facility at Seal Beach and assembled to 
form the aft sk i r t in the existing subassembly facility (SAF). The 
instal lat ion of sys tems will be accomplished in an environmental ly controlled 
a rea . 

2. 4. 3 Forward Skirt 

The ESS forward sk i r t will be of mechanical semimonocoque cons t ruc ­
tion with ha t - shaped ex terna l ve r t i ca l s t r i nge r s r iveted to skin panels and 
in te rna l frame a s s e m b l i e s . This s t ruc ture will have access doors , umbil ical 
connectors for both ESE and booster in te r faces , ins t rument a t tachments , and 
the fittings for a t tachment to the shuttle booster attach and separa t ion •:'. 
p la t form. The sk i r t will be assembled in an inverted position to control the 
inter face-mating planes for at tachment to the payload. After assembly , the 
sk i r t will be mated to cylinder No. 5 and the attaching bolt-hole pat tern 
dr i l led . The No. 5 cylinder will then be removed and del ivered to the weld 
station for joining to the balance of the tank section (Figure 2-10). 

After s t r uc tu r a l completion, the forward sk i r t will be moved to an 
ins ta l la t ions a r e a and the payload-separa t ion provis ions instal led p r io r to 
final assembly mat ing. 

Buildings and St ruc tures 

Detail fabricat ion and the prefitt ing of subassembl ies will be performed 
within the con t r ac to r ' s industr ia l base . Assembly will be performed at the 
NASA Seal Beach subassembly facility. 

2. 5 ASSEMBLY FACILITY 

Specific assembly and final assembly act ivi t ies uti l izing compatible 
S-II tooling, buildings, and facility equipment will occur in the existing 
NASA Seal Beach assembly facility, in conjunction with the total p r o g r a m 
plan of using available national r e s o u r c e s . This site contains the n e c e s s a r y 
facil i t ies required to pe r fo rm the descr ibed operat ions . 

2. 5. 1 Stage Final Assembly 

The manufacturing breakdown (in F igu re 2-11) i l lus t ra tes the flow of the 
major subassembl ies into a completed stage. The commonali ty of the ESS 
to the S-II vehicle p e r m i t s uti l ization of existing tooling and equipment as 
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A A 
r o g W f l g P SKIRT 
_£OJ%PL£TE_ 

SECT/ON R-fl 
SEPARATION ATTACH FITTING 

Figure 2-10. Forward Skirt and Cylinder 5 Mating 
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wel l a s p r o v e n p r o c e s s e s and t e c h n i q u e s . The s t r u c t u r a l l y c o m p l e t e d L O 2 
and LH2 t a n k s wil l be sub j ec t ed to a p n e u m o s t a t i c t e s t . S u b s e q u e n t to t h e 
p n e u m o s t a t i c t e s t , t he r e m a i n i n g e r o s i o n b a r r i e r s p a c e r b l o c k s wi l l be 
a t t a c h e d and the s t age wi l l u n d e r g o t a n k c l ean ing o p e r a t i o n s , s p r a y - f o a m 
i n s u l a t i o n -will be app l i ed to t h e l o w e r f o r w a r d s k i r t a r e a , c y l i n d e r No . 1, 
t he bo l t ing r ing , and t h e LH2 t a n k weld a r e a s , ( F i g u r e 2 -12) and f inal 
i n s t a l l a t i o n s wil l be a c c o m p l i s h e d , i n c l u d i n g t h e e r o s i o n b a r r i e r p a n e l s and 
a b l a t i v e c o a t i n g s . A s t a t i c f i r ing s k i r t wi l l be i n s t a l l e d on t h e aft s t r u c t u r e 
s u r f a c e to f ac i l i t a t e hand l ing and t r a n s p o r t a t i o n of t h e s t a g e . 
Bu i ld ings and S t r u c t u r e s 

The v e r t i c a l a s s e m b l y weld s t a t i o n s s i t u a t e d in the v e r t i c a l a s s e m b l y 
bui ld ing ( F i g u r e 2-13) and t h e bu l khead f a b r i c a t i o n bui ld ing ( F i g u r e 2 -3 ) at 
t he NASA Sea l B e a c h s i t e a r e a i r - c o n d i t i o n e d and e n v i r o n m e n t a l l y c o n t r o l l e d , 
p r o v i d i n g p r o p e r a c c o m m o d a t i o n s for t h e a s s e m b l y of the p r o p e l l a n t t a n k s . 

In o r d e r to m a k e t h e m o s t e f fec t ive u s e of ex i s t i ng f a c i l i t i e s , it i s 
p r o p o s e d to p r o d u c e t h e ESS at t he l e a s t cos t r a t e , t h r e e v e h i c l e s p e r y e a r . 
T h i s r a t e o v e r s u p p o r t s t h e p r o j e c t e d l a u n c h r a t e of two f l ights p e r y e a r , and 
wil l r e q u i r e s t o r a g e of t h e s t a g e s at KSC. As a f u r t h e r m e a n s of b e i n g c o s t 
e f fec t ive , t h e o p e r a t i o n s p l an r e q u i r e s t h e r e c y c l i n g of h igh v a l u e ESS 
c o m p o n e n t s . The m a i n p r o p u l s i o n e n g i n e s , eng ine a c t u a t o r s , t h e d a t a 
c o n t r o l m a n a g e m e n t (DCM), and g u i d a n c e , n a v i g a t i o n , and c o n t r o l (GN&C) 
p a c k a g e s wil l be r e c o v e r e d f r o m t h e ESS by t h e Space Shut t le O r b i t e r a f t e r 
pay load d e l i v e r y and p r i o r to d e o r b i t i n g of the s t a g e . The r e c o v e r y ' w i l l be 
a c c o m p l i s h e d as the s e c o n d a r y m i s s i o n of a n o r m a l s p a c e s hu t t l e l o g i s t i c s 
f l ight . The r e c o v e r e d i t e m s wil l be r e f u r b i s h e d a s r e q u i r e d b e f o r e 
i n s t a l l a t i o n in to a n o t h e r v e h i c l e . 

The f i r s t t h r e e v e h i c l e s wi l l be c o m p l e t e l y a s s e m b l e d and wi l l u n d e r g o 
i n t e g r a t e d checkout run , at t h e Sea l B e a c h f ac i l i t y . Use of r e c y c l e d e n g i n e s 
and a c t u a t o r s wil l b e g i n wi th t h e fou r th v e h i c l e , r e q u i r i n g the u s e of an 
eng ine s y s t e m s i m u l a t o r d u r i n g t h e Sea l B e a c h i n t e g r a t e d c h e c k o u t . T h e 
r e f u r b i s h e d e n g i n e s and a c t u a t o r s wil l be i n s t a l l e d in the low bay a r e a at 
KSC. R e c y c l i n g of the a v i o n i c s p a c k a g e s ^ w i l l beg in wi th the s ix th v e h i c l e , 
fol lowing the above p r o c e s s of u s i n g s i m u l a t o r s at t h e m a n u f a c t u r i n g s i t e . 
T h e s e r e c y c l e d i t e m s wil l be i n c l u d e d in t h e n o r m a l p r e l a u n c h o p e r a t i o n s 
and c o m b i n e d s y s t e m s t e s t , t h e r e b y v e r i f y i n g t h e i r flight w o r t h i n e s s . 

2. 5. 2 F o r w a r d Sk i r t and Aft S k i r t I n s t a l l a t i o n 

The c o m p l e t e d f o r w a r d s k i r t and aft s k i r t wi l l be m a t e d to t h e LH2 / 
LO2 tank a s s e m b l y in the f inal a s s e m b l y s e q u e n c e . Th i s o p e r a t i o n wi l l be 
a c c o m p l i s h e d in the v e r t i c a l a s s e m b l y bu i ld ing u t i l i z i n g the e x i s t i n g 
f a c i l i t i e s . 

2-19 

SD 7 1 - 1 4 0 - 5 



i N
 

O
 

05
 

0 -J
 

4^
 

o
 

TO
O

L
 P

O
ST

 
T-

72
03

97
5 

©
 

SP
R

A
Y

 C
A

B
 

F
ig

u
re

 
2

-1
2

. 
V

eh
ic

le
 

R
o

ta
ti

o
n 

an
d 

F
o

am
 

A
p

p
li

ca
ti

o
n

, 
S

ta
ti

o
n 

V
 



I 
M

 
N

 

S
E

C
O

N
D

 
F

L
O

O
R

 

B
 

C
 

D
 

t 
F

 
L 

M
 

N
 

* 
'—

*~
 

y
rr

^p
f 

T
H

IR
D

 
F

L
O

O
R

 

C
L

E
A

N
IN

G
, 

D
R

Y
IN

G
, 

A
N

D
 I

N
S

U
L

A
T

IO
N

 C
L

O
S

E
O

U
T

 
I 

I 

S
Y

S
T

E
M

 I
N

S
T

A
L

L
A

T
IO

N
 (

IN
C

L
U

D
IN

G
 E

N
G

IN
E

) 

FI
R

ST
 F

LO
O

R
 

W
E

L
D

 A
R

E
A

 (
C

IR
C

U
M

F
E

R
E

N
T

IA
L

) 

N
A

S
A

 S
E

A
L

 B
E

A
C

H
 

B
U

IL
D

IN
G

 S
-0

3 

N
E

T
 A

R
E

A
 

A
T

S
U

 
G

R
O

S
S

 A
R

E
A

1 
H

C
 C

A
P

A
C

IT
Y

 

88
,4

45
 S

Q
 F

T
 

20
,8

35
 S

Q
 F

T
 

10
9,

28
0 

SQ
 F

T
 

50
0 

50
0 

F
ig

u
re

 
2

-1
3

. 
S

ta
g

e 
F

in
al

 A
ss

em
b

ly
 

B
u

il
d

in
g 



o 
2. 5. 3 Pneumosta t ic Tes t 

The completed propel lant tank a s sembl i e s will be t r ans f e r r ed on an 
existing S-II stage t r a n s p o r t e r to the U. S. Naval Weapons Station, Seal 
Beach, California (adjacent to the NASA Seal Beach site) where the ESS 
tanks will be pneumostat ical ly tested to p re sc r ibed engineering specifications. 
It is assumed that continuing use of this facility will be permi t ted . 

2. 5. 4 Tank Cleaning and Drying 

The ESS will be placed in the ver t i ca l a s sembly building's cleaning and 
drying station and both the LH2 tank and LG"2 tank will be cleaned, r insed, 
and dried according to engineering specifications. This p r o c e s s will be 
accomplished with the stage in a ver t ica l position, with the stage turned end 
for end for access into both tanks through the LH, tank access door and the 
LO2 tank sump. 

2. 5. 5 Insulation Closeout Application 

The assembled ESS (excluding engines) will be placed in the ver t i ca l 
spray foam station (Figure 2-12) situated in the ver t ica l assembly building. 
This station provides the environmental ly controlled conditions neces sa ry to 
apply the spray foam. The station contains a device which ro ta tes the stage 
and allows the spray foaming and machining equipment to be fixed on a 
platform which can be positioned at the var ious closeout l eve ls . 

2. 5. 6 Engine, Systems Installat ion, and Erosion B a r r i e r 

The stage will be positioned in the existing sys tems instal la t ion 
stat ion in the ve r t i ca l a s sembly building at the Seal Beach manufacturing 
s i te , and the engines, ac tua to r s , and remaining sys tems instal led using 
exist ing or modified equipment. As noted under P a r a g r a p h 2. 5. 1, engine 
and engine actuator instal lat ion will be defer red from the fourth vehicle 
onward to allow the use of recycled i t ems , with the DCM and G&C avionics 
package instal lat ion being deferred from the sixth unit onward. Instal lat ion 
for the affected i t ems at Seal Beach will be l imited to s imula tor packages 
to allow an in tegra ted checkout to be per formed. 

A GSE stat ic firing skir t will be mechanical ly attached to the aft skir t 
and will r emain joined during stage final assembly , checkout, t r anspor ta t ion , 
and stat ic firing. This stat ic firing ski r t will pe rmi t the ESS to use S-II 
t r anspor ta t ion equipment. 
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T h e i n s u l a t i o n e r o s i o n - b a r r i e r p a n e l s , f a b r i c a t e d f r o m p o l y i m i d e s k i n s 

bonded to h i g h - t e m p e r a t u r e h o n e y c o m b c o r e , wi l l be a s s e m b l e d and t h e i r 
i n s t a l l a t i o n b o l t - h o l e p a t t e r n s wi l l be d r i l l e d p r i o r t o t h e s t a r t of i n s t a l l a t i o n 
on the ESS ( F i g u r e 2 - 1 4 ) . The p o l y i m i d e l a m i n a t e s p a c e r s , i n s t a l l e d p r i o r 
to t h e s p r a y foam o p e r a t i o n , wi l l be d r i l l e d and t a p p e d to r e c e i v e t h e e r o s i o n 
b a r r i e r f a s t e n e r s . C o o r d i n a t e d t oo l i ng wi l l be u s e d to a s s u r e p r o p e r f a s t e n e r 
l o c a t i o n . The i n s t a l l a t i o n of t h e e r o s i o n b a r r i e r p a n e l s and t h e h igh t e m p e r a ­
t u r e a b l a t i v e m a t e r i a l s wi l l be a c c o m p l i s h e d a f t e r t h e s p r a y foam i n s u l a t i o n 
c l o s e o u t o p e r a t i o n s and whi le t h e s t a g e i s in t h e v e r t i c a l p o s i t i o n in t h e 
s y s t e m s i n s t a l l a t i o n s s t a t i o n . T h i s s t a t i o n i s a i r - c o n d i t i o n e d and c o n t a i n s 
t h e r e q u i r e d e n v i r o n m e n t a l c o n t r o l f a c i l i t i e s . 
2 . 6 SYSTEM AND A C C E P T A N C E T E S T 

The s y s t e m s and a c c e p t a n c e t e s t i n g and checkou t wi l l be p e r f o r m e d 
a t the a s s e m b l y s i t e . The f a c i l i t i e s s u p p o r t i n g t h e s e t e s t o p e r a t i o n s a r e 
ex i s t i ng a t the NASA Seal B e a c h a s s e m b l y f ac i l i t y and wi l l be u s e d wi th 
m o d e r a t e m o d i f i c a t i o n s to a c c o m m o d a t e the d i f f e r e n c e in engine and s t a g e 
he igh t . 

2 . 6. 1 A c c e p t a n c e L e v e l T e s t s 

The s y s t e m a c c e p t a n c e - t e s t o p e r a t i o n wi l l c o n s i s t of t e l e m e t r y and 
R F s y s t e m s checkou t , e l e c t r i c a l p o w e r s y s t e m s checkou t , m e c h a n i c a l 
s y s t e m l e a k and funct ional checkou t , i n s t r u m e n t a t i o n s y s t e m s c h e c k o u t , 
v e r i f i c a t i o n of e l e c t r o m a g n e t i c c o m p a t i b i l i t y , p r o p u l s i o n and p r e s s u r i z a t i o n 
s y s t e m s checkou t , and s i m u l a t e d fl ight of i n t e g r a t e d s y s t e m s checkou t . 
Eng ine a l i g n m e n t v e r i f i c a t i o n , s t a g e we igh t , and c e n t e r of g r a v i t y d e t e r m i n a ­
t ion wil l a l s o be a c c o m p l i s h e d . 

2 . 6. 2 Bu i ld ings and S t r u c t u r e s 

The c h e c k o u t o p e r a t i o n s wi l l be a c c o m p l i s h e d in the v e r t i c a l c h e c k o u t 
bui ld ing ( F i g u r e 2-15) and wi l l u t i l i z e the a i r - t r a n s p o r t a b l e U n i v e r s a l T e s t 
C o n s o l e (UTC) deve loped for the s p a c e shu t t l e p r o g r a m . Th i s bu i ld ing h a s 
the e q u i p m e n t for checkou t of the ind ica ted s t a g e s y s t e m s , and the c o n t r o l 
r o o m and c o m p u t e r c o m p l e x s i tua ted in the bui ld ing a r e e n v i r o n m e n t a l l y 
c o n t r o l l e d . The engine a l i g n m e n t , we igh ing , and c e n t e r - o f - g r a v i t y 
d e t e r m i n a t i o n wil l be p e r f o r m e d in t h e h o r i z o n t a l pa in t and p a c k a g e s t a t i o n 
u s e d for f inal i n s p e c t i o n , p a i n t i n g , and p a c k a g i n g of the s t a g e . 

2 . 7 P R E P A R E AND SHIP STAGE 

The p r o c e s s for p r e p a r i n g t h e s t a g e for s h i p m e n t wil l c o n s i s t of 
(1) i n s t a l l i n g s e n s i n g e l e m e n t s for i n t r a n s i t i n s t r u m e n t a t i o n ; (2) c o v e r i n g a l l 
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o 
a c c e s s doors and p o r t s ; (3) covering the ins t rumenta t ion , separat ion, and 
control sys t em components; (4) secur ing engines in position; (5) purging the 
propuls ion sys tem; (6) placing desiccant cha rges ; (7) instal l ing the GSE 
s ta t ic firing sk i r t ; and (8) instal l ing pro tec t ive covers on the s tage. 

The facil i t ies requi red for this operat ion a r e available within the 
exist ing paint and packaging building on the NASA Seal Beach site 
(Figure 2-16) . 

After all p r epa ra t ions have been completed, the stage will be placed on 
one of the two exist ing S-II t r a n s p o r t e r s and towed by a p r i m e mover to the 
U .S . Naval "Weapons Station loading dock at Seal Beach. The stage and 
t r a n s p o r t e r , together with the requi red ground support equipment, will be 
loaded aboard the AKD Point B a r r o w (presently decommiss ioned) for 
shipment . The f irst two units del ivered to the Kennedy Space Center (KSC) 
will be subjected to s tat ic firing t e s t s . 

2. 8 VEHICLE STATIC FIRING 

The Main Propuls ion Subsystem (MPS) will be tes ted during the in te ­
grated vehicle s ta t ic firing t e s t s . The integrat ion test ing will r equ i re a t es t 
s i te equipped with prope l lan ts , p r e s s u r a n t s , t es t stand, control center , fluid 
dis tr ibut ion sys tem, ins t rumentat ion, and opera t ional i t ems n e c e s s a r y to 
support c lus ter engine f i r ings. NASA facil i t ies being provided for the space 
shuttle orb i te r would be available to support the s ta t ic firing operat ion. 
The avionics sy s t ems will ut i l ize the shuttle GSE during KSC operat ions . 
Engine component development and qualification tes t ing will be conducted at 
the engine c o n t r a c t o r ' s faci l i t ies . 

2. 9 PRELAUNCH PREPARATION 

The f i rs t t h r e e vehic les to be completed will be received at the launch 
complex ready for inspect ion, p repara t ion , and checkout. The f irst two of 
these vehicles will be p repa red for s ta t ic firing and then s ta t ic fired. The 
pre launch act ivi t ies will consist of the p repa ra t ion of the stage for flight 
r ead ines s , checkout of s y s t e m s , validation of the connections, and p e r f o r m ­
ance of combined sy s t em tes t ver i f ica t ions . Upon completion of the p r e ­
launch opera t ions , the stage will be de l ivered to the launch operat ion 
cont rac tor for s tacking/mat ing with the boos te r and payload. 

Beginning with the fourth production vehic le , the instal la t ion of the 
recovered and refurbished ESS engines and engine ac tua tors will be 
per formed in the low bay a r ea of the KSC VAB. The recovered and 
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© 
refurbished ESS avionics packages to be instal led in the boattail region will 
begin with the sixth vehic le . Since the i t ems to be recovered and refurbished 
a r e bas ical ly space shuttle components , the space shuttle GSE can be used 
for the refurbishment , handling, insta l la t ion, and checkout. 

2. 9. 1 Buildings and S t ruc tures 

Existing KSC facil i t ies will be ut i l ized for the pre launch opera t ions . 
The low bay a r e a of the ve r t i ca l a s sembly building (VAB) will be uti l ized for 
receiving, inspect ion, and p r e - m a t e operat ions on the ESS. The boos ter will 
use facil i t ies defined in the space shuttle p r o g r a m . The high bay of the VAB, 
situated at Launch Complex 39, will be uti l ized for the e rec t ing , mating, and 
checkout operat ions for the ESS, boos te r , and payload. Refer to SD 71-104-2, 
"Faci l i ty Utilization and Manufacturing P lans For Phase C / D " (MSC-03311), 
for descr ip t ions of the facili t ies requi red by the boos te r for i t s maintenance , 
e rec t ing , mating, t r an spo r t to the launch pad, launch, and recovery . The 
space shuttle plan is to e rec t and mate the vehicles onto the launcher 
umbil ical tower (LUT), somet imes r e fe r red to as the mobile launcher , in a 
high bay of the VAB, then to t r an spo r t them to the launch pads by use of the 
crawler; on the exist ing c rawle rways . The expendable second stage on a 
reusable shuttle boos ter adapts the operat ional philosophy and faci l i t ies to 
the g rea tes t extent poss ib le . 

2 .10 LAUNCH PREPARATION 

The use of the ESS does not r equ i re any change to the LUT, but does 
requ i re that an additional tower be instal led (or mobile) on one of the two 
launch pads, with appropr ia te s e rv i ce s (LH2, LO2, e tc . ) plumbed in. Only 
one launch pad is requi red due to the low flight ra te of two pe r yea r . The 
tower can be located on the pad so as not to in te r fe re with normal space 
shuttle opera t ions . This tower would provide swing-away acces s a r m s 
for the required se rv ices (with pul l -away disconnects , based on f irst motion) 
to the ESS. "While a c c e s s to , and s e rv i ce s for, payloads of the ESS is 
beyond the scope of this study, this tower could also provide those . This 
tower is shown in Figure 2-17, with m o r e detai ls in Volume 7, P r e l i m i n a r y 
Design Drawings, of this r epor t . Disconnects for the propel lants a r e the 
same as presen t ly used on the S-II. 
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NUCLEAR STAGE 

ESS SERVICE TCWER 

ESS FV'D SKIRT ACCESS !• 
UMBILICAL: G H 2 , ELEC, ETC 

ESS STAGE 

ESS AFT SKIRT 
ACCESS & UMBILICAL: 
L 0 2 , LH2 , ELEC, ETC. 

Figure 2-17. ESS/Booster at Launch Pad 
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Preceding page blank I 

3.0 MANUFACTURING TECHNOLOGY 

The Expendable Second Stage (ESS) is a derivative of the expendable 
Saturn second stage (S-II), using different engines and car ry ing an advanced 
avionics sys tem capable of unmanned rendezvous. Thi r ty- three feet in 
d iamete r , the ESS will consis t of a forward skir t which will interface with 
the payload, an EH2 tank and a LO2 tank with a common bulkhead, and an 
aft skir t car ry ing the main and auxi l iary engines. The forward and aft 
s t ruc tu res will be of conventional, mechanical ly fastened construct ion, with 
some of the avionics subsys tem packages mounted around the in ter ior of the 
forward ski r t and some on the aft th rus t s t ruc ture to achieve the bes t t he rma l 
environment during orbi ta l opera t ions . The LH2 tank section will be made up 
of machined panels welded to form a cylinder, using a hemispher ica l forward 
bulkhead of machined and formed gores welded together. The common 
bulkhead is of sandwich construct ion, with the forward face sheet acting as 
the aft bulkhead of the LH2 tank, and the aft face sheet serving as the 
forward bulkhead of the LO2 tank. These face sheets , as well as the aft 
LO2 bulkhead, a re welded a s sembl i e s made from machined and formed 
gores s imi la r to the LH2 forward bulkhead. 

The technology required in the fabrication of the assembly and checkout 
of the S-II and the ESS is compared in Table 2 - 1 . The m a t e r i a l s used in the 
tank walls and bulkheads will be s imi la r to the S-II, and will be welded using 
exist ing, proven p r o c e s s e s and tooling. The forward skir t , and aft ski r t 
s t ruc ture r equ i res no new concepts , and -will be manufactured where 
applicable with the existing S-II tooling. Commonality between the two 
vehicles extends to the use of the same handling devices and t ranspor ta t ion 
equipment. 

Subsystems instal la t ion and checkout a re anticipated to be s imi la r to 
proven S-II p r a c t i c e s . The avionics subsys tems , while more complex than 
those requi red for the S-II miss ion , will be developments of space shuttle 
and should p resen t no p rob lems in instal lat ion or checkout. 

3. 1 MANUFACTURING METHODS 

3. 1. 1 Forming and Machining 

Fabr ica t ion of the bulkheads and skin panels will be accomplished 
with the existing techniques that a re a l ready proven on the S-II vehicle . 
The machining of the large cylinder panels and gore panels will be 

PRECEDING PAGE BLANK NOT FILMED 
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Table 2 - 1 . Commonali ty Analysis 

I t e m 

B u l k h e a d s 

LH2 C y l i n d e r s 

Bol t r i n g 

F o r w a r d s k i r t 

T h r u s t 
s t r u c t u r e 

I n t e r s t a g e 

F a i r i n g s 

S y s t e m s tunne l 

S - I I -15 

F o r w a r d LH2 bu lkhead 
C o m m o n bulkhead 
Aft LO2 bu lkhead 

No. 6 c y l i n d e r 
No. 5 c y l i n d e r 
No. 4 c y l i n d e r 
No. 3 c y l i n d e r 
No. 2 c y l i n d e r 
No. 1 c y l i n d e r 

12 S e g m e n t , m e c h a n i c a l l y 
j o ined to L1O2 tank , No. 1 
c y l i n d e r , and aft s k i r t 

Skin p a n e l s 
F r a m e s / c a p s 
S t r i n g e r s 
F i t t i n g s 
N / A 

Aft s k i r t 
T h r u s t cone 
E n g i n e b e a m 
N / A 

Skin p a n e l s 
F r a m e s / c a p s 
S t r i n g e r s 

5 F e e d l i n e s 

1 LiO 2 v ent 
1 F i l l and d r a i n 

1 E x t e r n a l pheno l i c 
t unne l 

E S S 

S a m e a s S - I I -15 
S a m e as S - I I -15 
New s u m p 

S a m e as S-I I - 15 
D e l e t e d 
S a m e a s S - I I -15 
S a m e a s S - I I -15 
New (2 fuel e lbows) 
S a m e a s S-I I -15) 

S a m e a s S - I I -15 

New r e q u i r e m e n t s 
New r e q u i r e m e n t s 
New r e q u i r e m e n t s 
New r e q u i r e m e n t s 
S p e c i a l b o o s t e r l i nk 

a t t a c h m e n t 

New r e q u i r e m e n t s 
New r e q u i r e m e n t s 
New r e q u i r e m e n t s 
OMS Eng ine m o u n t 

N / A 
N / A 
N / A 

2 F e e d l i n e s 
(new 13-in. d i a m e t e r ) 

S a m e r e q u i r e m e n t s 
S a m e r e q u i r e m e n t s 
1 D e f l e c t o r - SSEO E n g i n e s 

S a m e r e q u i r e m e n t s 
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Table 2 - 1 . Commonali ty Analysis (Cont) 

Item 

External 
insulation 

Stage sys tems 

Engines 

Auxil iary 
propulsion 

S-II-15 

Spray foam LH2 bulkhead, 
LH2 cyl inder , forward 
ski r t - pa r t i a l , bolt ring 
and aft sk i r t 

The S-II vehicle has 
basical ly independent 
sy s t ems . They a re : 

1. E lec t r i ca l power and 
control separat ion 

2. Ordnance sys tem 
3. P rope l lan t sys tem 
4. P rope l lan t manage­

ment m e a s u r e m e n t s 
5. Ins t rumentat ion 
6. Te lemete r ing 
7. The rma l control 
8. Fl ight control 
9. P r e s sur izat ion 

10. Engine actuation 
sys tem 

11. Safing sys tem 
12. Engine servicing 

The stage e lec t r ica l 
ha rdware cons is t s 
mainly of re lay modules 
and d i s c r e t e component 
des igns . 

F ive J -2 

N/A 

ESS 

Spray foam on tank a rea , with 
honeycomb panel e ros ion 
b a r r i e r and localized hot-spot 
added ablative coating. 
Ablative coatings on forward 
skir t and th rus t s t ruc tu re in 
a r ea s subject to in ter ference 
heating. 

The ESS has an integrated 
avionics sys tem in which the 
var ious stage sys tems a r e 
controlled and monitored 
from a cent ra l computer 
through a data bus and 
standard digital interface 
uni ts . 

The main ESS sys tems a r e : 

1. Data and control 
management 

2. Guidance, navigation and 
flight control 

3. E lec t r ica l power 
4. E lec t r ica l control 
5. Communicat ions 
6. Instrumentat ion 
7. Environmental control 
8. Deorbit subsys tem 

Two SSEO engines 

Two shuttle OMS engines 
Four teen att i tude control 
Propuls ion sys tem t h r u s t e r s 
Cryo tankage 
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accomplished on the l a rge skin mil ls at the NR Los Angeles Division. High 
energy forming and s t r e t ch forming will both be used on the bulkhead gore 
panels with the tank skin panels being b rake- fo rmed after machining. 

3. 1. 2 Welding Machines/Tool ing 

Automatic (gas tungsten arc) DC/SP-GTA welding machines will be 
used to fabricate the ESS fuel tank a s sembl i e s . All machines a re constant 
cu r ren t with automatic voltage control . ESS weld jo ints , the same configura­
tion as the S-II, will involve significant tapered th i cknesses , welded from 
one side by l inear taper-adapt ive control integrated into the equipment 
p r o g r a m m e r to provide p rec i se weld-bead geometry control . The exception 
to this is the LO^ dollar weld which, due to th ickness , will be welded by 
the opposed nugget technique. The skate-weld tooling and the rotat ing 
turntable developed and proven on the S-II p r o g r a m will be used for the 
ESS weld joining, employing both the controlled nugget and f ree-fa l l 
weld techniques. 

3. 1.3 Cryogenic Insulation 

The ployurethane foam insulation will be applied by sp ray guns to the 
LH2 forward bulkhead, the lower portion of the forward sk i r t , the LH2 tank 
cyl inders , and the bolt r ing. P r o c e s s e s and equipment used on the S-II a re 
available and will be used on the ESS in view of the s imi la r r e q u i r e m e n t s . 

3. 1. 4 Eros ion B a r r i e r 

The e r o s i o n - b a r r i e r honeycomb panels will be prefit and bonded on 
multiple use bonding fixtures at the Downey facility. Coordinated m a s t e r 
tooling will be developed to allow dril l ing of the a t tachment holes p r io r to 
fitting to the ESS. 

P r o c e s s e s and equipment used in making the fair ings and sys t em 
tunnel for the S-II will be readily adaptable for use on the ESS. 

3 . 1 . 5 Tank and Component Handling 

Handling sys tems as well as equipment r equ i rement s were developed 
and proven on the S-II P r o g r a m . Extensive use of Vacu-Lif ts , padded 
contour boards mounted on pallet bases , and handling f ixtures adapted to 
t ranspor t ing , lifting, and positioning will be used for flat or contoured skin 
panels and bulkheads. 
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3. 2 MANUFACTURING CONCERNS 

The manufacturing techniques for the fabrication, a s s e m b l y and 
instal lat ions of the ESS a re within p resen t technology and it is not anticipated 
that NR will encounter any significant technical p rob lems . However, there 
is an a r ea of concern due to the interface requ i rements for a t tachment to the 
shuttle booster as shown in Table 2-2. 

3. 2. 1 ESS/SS Booster Linkage-Attach Fitt ing 

Because of the close to lerance n e c e s s a r y in the alignment of the ESS 
to the shuttle boos ter , the ESS/booster l inkage-a t tach fitting instal lat ion 
and checkout is an a r ea of manufacturing concern. 

To ensure the interface of the ESS to the shuttle boos ter , an in-depth 
study of the l inkage-at tach sys tem will be made. Close coordination will 
be maintained between the shuttle booster contractor and the ESS by an 
assigned manufacturing engineer . Where requi red , m a s t e r tooling will 
be utilized to ensure the close to le rances requi red in the alignment of the 
ESS separat ion l inkage-a t tach fitt ings. 
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o 
4. 0 GOVERNMENT-FURNISHED EQUIPMENT AND MACHINE TOOLS 

The government-owned equipment and machine tools used for the 
fabrication and assembly of the Saturn S-II will be available at the var ious 
s i tes within the con t r ac to r ' s indus t r ia l base to support the requ i rements 
of the ESS p r o g r a m . In addition to the government-owned equipment, 
a substantial amount of NR-owned equipment and machine tools used on 
the S-II and other major p r o g r a m s will be available at these same s i tes . 

The development and qualification l abora to r i e s utilized to provide 
test capabil i t ies in support of the S-II p r o g r a m will be available for s imi lar 
tes ts on the ESS. This equipment can be used singly or in combination with 
other special ized facili t ies scheduled for development in support of the space 
shuttle p r o g r a m . 
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5. 0 MAJOR TEST E Q U I P M E N T AND GSE 

Major t e s t e q u i p m e n t and ground s u p p o r t e q u i p m e n t (GSE) a r e 
g o v e r n m e n t - f u r n i s h e d e q u i p m e n t s r e q u i r e d for the handl ing of a s s e m b l i e s 
d u r i n g f a b r i c a t i o n , a s s e m b l y , f inal a s s e m b l y , and checkou t . A l i s t i n g of 
the o p e r a t i o n s s i te GSE r e q u i r e m e n t s fol low. 

L a u n c h H a r d w a r e 

1. U m b i l i c a l c a r r i e r p l a t e a s s e m b l y , aft 
2. U m b i l i c a l c a r r i e r p l a t e a s s e m b l y , f o r w a r d 
3. L H i fill and d r a i n d i s c o n n e c t a s s e m b l y 
4. LO2 fill and d r a i n d i s c o n n e c t a s s e m b l y 

Checkou t and S e r v i c i n g E q u i p m e n t 

1. P n e u m a t i c s e r v i c i n g uni t 
2. P u r g e and l e a k d e t e c t i o n c o n s o l e s e t 
3. LH2 hea t e x c h a n g e r 
4. B lanking p l a t e s e t 
5. F l o w m o n i t o r i n g uni t 
6. P u m p - s h a f t s e a l l e a k a g e i n d i c a t o r 
7. P o r t a b l e l e a k d e t e c t o r se t 
8. T h e r m a l cond i t ion ing and p u r g e conso le 
9. P n e u m a t i c c o n s o l e t e s t se t 

10. P o r t a b l e v a c u u m and p u r g e uni t 
11. S t a t i o n a r y v a c u u m p u m p uni t 
12. P r o p e l l a n t t ank p r e s s u r i z a t i o n uni t 
13. E H 2 - and L O 2 - v e n t va lve checkou t s y s t e m 
14. U n i v e r s a l t e s t conso l e 

Handl ing and A u x i l i a r y E q u i p m e n t 

1. M a i n t e n a n c e wa lkway , f o r w a r d s k i r t 
2. C l e a n - r o o m LH2 t ank 
3. A d a p t e r s e t - a i r - c o n d i t i o n i n g tank s e r v i c i n g 
4. A c c e s s p l a t f o r m , f o r w a r d s t age 
5. I n d i c a t o r - No. 2 p i s t o n p o s i t i o n 
6. LH2 t ank c o v e r , s e r v i c i n g m e c h a n i s m 
7. Tool s e t - e n g i n e a c t u a t o r pin 
8. P l a t f o r m s e t , eng ine c o m p a r t m e n t 
9. L a d d e r , t h r u s t cone a c c e s s 
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10. 
11 . 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
2 1 . 
22. 
23 . 
24. 
25 . 
26. 
27 . 
28. 
29. 
30 . 
3 1 . 

32. 
33 . 
34. 
35 . 
36. 
37. 
38. 
39. 
40 . 
4 1 . 
42 . 
4 3 . 
44. 
45 . 
46. 

Protec t ive r ing, LO2 tank access 
Pro tec t ive r ing, LH2 tank access 
Pro tec t ive set , forward bulkhead 
Access pla t form, forward bulkhead extendable 
Center platform, engine compar tment 
Ring, forward, stage support 
Ring, aft, stage support 
Dolly, s tat ic firing skir t 
Cover, s ta t ic firing sk i r t 
Cover , aft th rus t s t ruc ture 
Simulator , actuator 
Sling, stage erec t ing 
F r a m e , hoisting, forward 
F r a m e , hoisting, aft 
Sling, s ta t ic - f i r ing ski r t segment 
Sling, ring segment , support 
Static firing sk i r t (for shipment) 
Adapter set , tag l ines 
Sling, s tat ic firing ski r t 
Lock, engine actuator 
Adapter , ve r t i ca l instal lat ion, main engine 
Adapter , ve r t i ca l instal lat ion, orbi tal maneuver ing-
engine 
Ins ta l le r , separa t ion l inear - shaped charge 
Handle, a cces s cover , LH2 tank 
Illumination set , t r anspo r t e r 
P la t form, LO2 tank access 
Access kit - LO2 tank internal 
Cover , LO2 tank internal protect ion 
Bench m e a s u r e m e n t tool - servo actuator 
Fixture - servo actuator , torque rod, and J-nut 
Support tool, se rvo actuator 
Adapter set - ESS component handling 
Entry kit, LH2 tank 
Internal access kit, LH2 tank 
L t ^ - t a n k ent ry adapter 
Decoder p lug- removal tool 
Battery handling equipment 

• sys t em 

A list ing of the manufacturing site handling equipment r equ i remen t s is 
given in Table 2 -3 . Equipment required for checkout at the sys tem level and 
in tegrated checkout in the final assembly station is l is ted in Table 2-4. 
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Development test ing r equ i r e s special ized equipment for use in the 

various development and qualification l abo ra to r i e s . The following is a 
p re l imina ry l is t ing of requi red development equipment, grouped by sys t ems . 

Data and Control. Management 

1. Por tab le un iversa l tes t console (UTC) 
2. Simulation language (Simulation Laboratory) 
3. Control and data acquisit ion computer 
4. Checkout software 
5. Utility software (ASIL) 
6. Flight software 
7. Cooling sys tem 
8. E lec t r ica l power 

E lec t r i ca l Power Distr ibution and Control 

1. Control and data acquisit ion console (integration with both avionic 
and nonavionic loads) 

2. Power sources (avionics integrat ion) 
3. Cooling (avionics integrat ion) 
4. Actual or s imulated nonavionic loads (example: hydraulic power, 

s t a r t e r s ) 

Hydraulic Power 

1. P rog rammab le loads for ac tua tors (Hydraulic Controls Laboratory) 
2. Control and data acquisi t ion console (Hydraulic Controls Labora tory 

and Avionics-Hydraul ics Integration Laboratory) 
3. E lec t r ic motor dr ives for hydraulic pumps (Hydraulic Controls 

Laboratory) 
4. Structure for support of hydraulic sys tem (Hydraulic Controls 

Laboratory) 
5. Equipment for interface of Avionics Integration Labora tory with 

Hydraulic Controls Labora to ry 

Guidance, Navigation and Control 

1. Power source 
2. Simulators (servo d r ive r s ) 
3. Computer and software 
4. Cooling sys tem 
5. Data acquisi t ion sys tem 

2-43 
SD 71-140-5 



© 
Communicat ions 

Power (ASIL) 

Auxiliary Propuls ion System 

Data acquisi t ion sys tem (ground tes t vehicle, GTV) 
Control computer (GTV) 

GSE Listing for Final Assembly and Integrated Checkout 

Miscel laneous a c c e s s - w o r k s tands , e tc . , f ixtures , tools , tooling, 
cab les , hoses , connectors , e t c . 
Hydraulic ground power 
Pneumat ic control console 
GHe se rv ice units 
E lec t r i c power 
Universal t es t console (portable) 
Moisture monitor 
Mass spec t romete r 
Digital vol t -ohmeter and other misce l laneous ins t ruments 
Antenna checkout group 
RF sys t em checkout unit 
Modulation checkout unit 
S-Band checkout unit . 
Rocket engine alignment set 
E lec t r i ca l / av ion ics container cooling sys tem unit 
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6. 0 BOOSTER MODIFICATIONS AND SEPARATION STRUCTURE 

6. 1 FACILITIES 

The ESS p r o g r a m will have no significant impact on facility 
r equ i rement s to develop and manufacture ESS capability into the Phase B 
Baseline Space Shuttle Booster . This conclusion is predicated on the B-9U 
basel ine configuration being designed and manufactured with both orbi ter 
and ESS boost capability, and on no inc rease in total booster production 
r a t e s . 

Task differences with potential facility impacts a re essent ia l ly 
l imited to the manufacturing and test ing of the new separat ion sys tem. 
This sys tem includes a s t ruc tu ra l adapter and separat ion mechanism. 
Fabr ica t ion of this hardware will not requi re any new faci l i t ies . Assembly 
will requi re approximately 5, 000 square feet of additional factory a r ea . 
Requirements for this a r ea a r e : 

1. 10-ton capability overhead crane with 20-foot min imum hook 
height 

2. Standard factory ut i l i t ies including 90 psi a i r , 115v 60 Hz and 
440v 3-phase 60-Hz e l ec t r i ca l power 

3. Por table GTA welder, 400 amps 

4. Floor loading capacity not to exceed 5, 000 psf 

Structural testing will requi re approximately 3,000 square feet within 
a s t ruc tu ra l tes t facility that can r eac t loads up to 2. 2-mill ion pounds and 
with a min imum clear height of 35 feet. Standard support equipment and 
uti l i t ies normal ly available in s t ruc tu ra l tes t facili t ies will suffice. These 
tes ts can be scheduled for accompl ishment using the same facil i t ies as used 
for the baseline separat ion sys tem s t ruc tu ra l t e s t s . 

Vehicle dynamic t e s t s , as planned for the B-9U basel ine boos te r , may 
be requi red . This tes t can be accomplished at KSC utilizing the same 
faci l i t ies . 
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SECTION I I I . ENGINEERING AND DEVELOPMENT PLAN 

1.0 INTRODUCTION 

1. 1 PURPOSE 

The purpose of the Engineering and Development Plan is to es tabl ish 
an engineering logic; define the requ i red engineering design, development, 
and tes t functions; and es tabl ish engineering management r equ i r emen t s . 

1.2 SCOPE 

The scope of this plan is to p re sen t an overview of the approach felt 
most feasible to implement the plan. Only the more significant per t inent 
information is presented here in , and only in sufficient detail to demons t ra te 
how the var ious e lements fit into the overa l l plan. P r o g r a m requ i rement s 
and c r i t e r i a a re presented in more detai l in other volumes of this r epor t . 
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2.0 EXPENDABLE SECOND STAGE SYSTEM 

The expendable second stage is designed to make maximum util ization 
of major Saturn S-II s t ruc tu ra l e lements . The extent of the modification of 
S-II is shown by F igure 3-1 and Table 3-1 for s t ruc tu res and mechanica l 
sy s t ems . The e l ec t r i ca l sys t em is essent ia l ly new and will uti l ize space 
shuttle type equipment. The ESS sys tem will be made up of the following 
subsys t ems : 

1. S t ruc tura l group 

a. Body s t ruc tu re 

b . T h e r m a l protect ion subsys tem (TPS) 

2. Propuls ion group 

a. Main propulsion subsys tem (MPS) 

b. Auxil iary propulsion subsys tem (APS) 

3. Avionics group 

a. Guidance, navigation and control 

b. Data and control and management 

c. Communicat ions 

d. E lec t r i ca l power, control , and dis tr ibut ion 

e. Vehicle software 

4. Support equipment 

a. Adapted from. S-II 

b . Common with shuttle 

c. Unique to ESS 

5. Payload 

Payload interface provis ions 

PRECEDING PAGE BLAN^ NOT FILMED 
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Table 3 - 1 . S-II-15 ESS Commonality A s s e s s m e n t Mechanical Systems 

S-II System 

Fi l l and Drain 

Propel lant feed 

Recirculat ion 

P r e s s u r i z a t i o n 

Vent 

Engine servicing 

Valve actuation 

Hydraulic 

Propel lant tank 
safing 

Auxiliary propulsion 

ESS Configuration 

S-II sys tem 

New system - 13-inch lines 

S-II LH2 rec i rcu la t ing pumps not used. 
Use va lves , some rec i rcula t ing lines 
and mos t helium injection components 

S-II sys tem (minor mods) 

S-H sys tem 

Uses some S-II components , p r i m a r i l y 
disconnects 

S-II sys tem (minor mods) 

New sys tem 

S-II sys tem 

New system 
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3. 0 PERFORMANCE AND OPERATIONAL REQUIREMENTS 

The ESS sys tem will be designed and developed for uti l ization with the 
space shuttle booster and will be compatible with the Space Shuttle P r o g r a m 
r equ i r emen t s . Volume II of this r epo r t defines in detai l the ESS r e q u i r e ­
ments for attaining this compatibi l i ty , which will not be r e i t e r a t ed here . 
The more significant subsys tem requ i remen t s a r e l isted in the following 
pa ragraphs . 

3. 1 PROPULSION SUBSYSTEM REQUIREMENTS 

1. ESS main propulsive subsys tem s t a r t will occur jus t p r io r to 
booster main propulsion subsys tem cutoff and separa t ion and will 
continue following separa t ion . 

2. The propulsion subsystem will be autonomous. No prope l lan ts , 
power, pneumat ics , or hydraulics will be drawn from the booster . 

3. The ESS will be control lable with one main engine out. 

4. The main propulsion subsys tem will be capable of safe shutdown 
at any t ime . 

5. Depletion cutoff will be provided as a backup to the normal velocity 
cutoff. 

6. The ESS will util ize space shuttle o rb i te r engines in accordance 
wi th lCD 13M15000B. 

3. 2 STRUCTURAL SUBSYSTEM REQUIREMENTS 

1. The minimum factor of safety for al l vehicle s t ruc tu re will be 1. 40. 

2. Designs that compromise the booster to the extent that would p r e ­
clude use with the o rb i t e r will not be considered, and the load 
carrying capability of booster p r i m a r y s t ruc tu re will not be 
exceeded. 

3. P r e sen t S-II stage designs will be utilized where applicable and 
expedient. 
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o 
4. Payloads used for load and per formance analysis will be l imited 

to the reusab le nuclear s tage , space tug, and space station (MDAC). 
5. F o r the launch configuration, ground launch wind c r i t e r i a used 

a re those given in TMX-53872, " T e r r e s t r i a l Environment 
(climatic) Cr i t e r i a Guidelines for use in Space Vehicle Develop­
ment , 1969 Revis ion" and TMX-53957, "Space Environmental 
Guidelines for use in Space Vehicle Development, 1969 Revision. " 

AVIONICS SUBSYSTEM REQUIREMENTS 

1. Provide +28 vdc p r i m a r y e l ec t r i ca l power and distr ibution system 
and an ac power conversion sys tem. 

2. Provide redundant and separa te dc power s o u r c e s , ac power 
convers ion, and dis t r ibut ion bus s y s t e m s . 

3 . The e l ec t r i c a l control sys tem is r equ i red to interface with the 
data and control management (DCM) sys t em, acquisi t ion, control 
and t e s t (ACT) uni ts , and the end devices to be controlled or 
moni tored . 

4. Onboard computer control will be accomplished by means of a 
data bus sys tem. 

5. The ins t rumenta t ion sys tem must a s s u r e that accura te pe r fo rm­
ance evaluation of each vehicle subsys tem can be made. 

6. The communicat ions sys tem must have the capability of t r a n s m i t ­
ting and receiving all RF information n e c e s s a r y to accomplish the 
basic mi s s ion by providing t e l eme t ry da ta , turnaround ranging 
da ta , and receiving updata and range safety commands . 

7. The guidance, navigation, and control (GN&C) subsys tem is 
requ i red to de te rmine posit ion, veloci ty, a t t i tude, and attitude 
r a t e of the vehicle to compute des i red changes to any or all of 
these vehicle s ta tes via DCM subsys tem and to provide control 
signals to the propulsion s y s t e m s . 

SUPPORT EQUIPMENT REQUIREMENTS 

1. The GSE must supply gases and propel lants to the ESS in 
accordance with the GSE/ESS ICD, Document S080-1003. 
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o 
The GSE must be capable of completely servicing the ESS within 
the planned space shuttle servicing t ime of two hours and ma in ­
taining the ESS in a launch ready condition for the four-hour 
duration of the launch window. 
The GSE must provide for launch pad checkout, low bay checkout, 
post-manufactur ing checkout and handling and access in addition 
to static firing and launch servic ing. 

Maximum use will be made of existing equipment for servicing 
and checkout of the ESS. 
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4. 0 ENGINEERING AND DEVELOPMENT REQUIREMENTS 

This section defines the engineering and development act ivi t ies r equ i red 
to design, develop, and tes t the ESS. Subsection 4. 1 defines the basic 
engineering functions requi red to implement the overa l l plan; 4. 2 summar i ze s 
the basic subsys tem design and development plan, and the in te r re la t ionships 
between the subsys t ems ; and 4 .3 desc r ibes the major tes t a r t i c l es and their 
functions. The engineering development schedule is shown in F igure 3-2. 

4. 1 ENGINEERING FUNCTIONS 

The contrac tor will provide engineering effort which will be based on 
the select ive application of the sys tem engineering p r o c e s s . The logic for 
this is shown in F i g u r e s 3-3 and 3-4. The functions that mus t be ca r r i ed 
out in the design and development of the ESS sys t em a r e (1) the planning, 
organizat ion, implementat ion, and overa l l d i rec t ion of the engineering 
act iv i t ies ; (2) the design, development, and testing of an integrated ESS; 
(3) the engineering effort requi red to design, develop, and qualify al l the 
ESS subsys tems ; (4) es tabl ishment of a flight technology function; and (5) 
the integrat ion of the subsys tems into the ESS vehic le . These functional 
r equ i rement s a r e defined in more detai l in the following subsect ions . 

4. 1. 1 Engineering Management 

The ESS contractor will provide the planning, organizat ion, imple ­
mentat ion, and di rec t ion of overa l l engineering activi ty for the ESS P r o g r a m 
and will formulate p rogram pol ic ies , d i r ec t i ve s , and operating p rocedu re s . 
This will include developing and documenting the methodology for the 
integrat ion of engineering act ivi t ies with other functions. The engineering 
activity in turn will include: p repara t ion of m a s t e r engineering p r o g r a m 
plans; subcontrac tor management; ana lys i s , des ign, development, and 
testing of the ESS sys tem; configuration control ; p repa ra t ion of technical 
documentation; technical direct ion of field opera t ions . 

4. 1. 2 Systems Analysis 

The ESS contractor will conduct functional analysis of miss ion ope ra ­
tions and de te rmine detailed miss ion functions that must be satisfied by 
subsys tem e lements . This will include definition of the subsys tem level 
r e q u i r e m e n t s , subsys tem object ives , subsys tem functional per formance 
r e q u i r e m e n t s , subsys tem technical c h a r a c t e r i s t i c s , subsystem effectiveness 
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o 
c r i t e r i a , and the p repara t ion and maintenance of development specifications 
for the ESS. Requi rements definition will be establ ished for design, t e s t , 
re l iabi l i ty , safety, maintainabi l i ty , and t ranspor tab i l i ty . Studies and 
analyses will be conducted to optimize the ESS sys tem design and to provide 
sys t em/des ign cost effectiveness to optimize ESS sys tem cos t s . The 
contractor will p r e p a r e tes t p rocedures and t e s t plans for conduct of 
required t e s t s . 

The contractor will provide a sys tem re l iabi l i ty and safety p rogram 
to define r equ i r emen t s for fai lure mode effects and cr i t ica l i ty ana lys i s , 
hazard ana lys i s , fa i lure and cor rec t ive action repor t ing , a p re fe r red par t s 
p rog ram, and cert i f icat ion tes t ing. The contrac tor will also implement 
safety procedures and conduct a genera l safety p rog ram in support of 
Engineering, Tes t , and Operat ion. 

4. 1. 3 Systems Integrat ion 

The ESS contractor will ensure that the integrat ion act ivi t ies l is ted 
below a re performed as requ i red . 

1. P r e p a r e CEI specifications to a s s u r e compatibil i ty with shuttle 
sys tem specif icat ions. 

2. Integrate all in ternal vehicle subsys tems to a s s u r e their re la t ive 
compatibil i ty as well as the vehicle compatibil i ty with requ i rements 
as defined in the CEI specification. 

3. Analyze and negotiate main engines/ESS physical and functional 
ICD's . 

4. P r e p a r e and negotiate physical and functional ICD's for veh ic le / 
facility and GSE/facil i ty in te r faces . 

5. Expand GSE /facility r equ i rement s to cover special needs of tes t 
p rog rams at the opera t ional site and r equ i remen t s of other 
locations used for development tes t ing. 

6. Es tab l i sh ESS r equ i r emen t s for use of the Tracking and Data 
Relay Satelli te (TDRS), i. e. , those which can influence its 
physical /funct ional cha r a c t e r i s t i c s or its scheduled availabil i ty. 

4 . 1 . 4 Flight Technology 

A flight technology p rog ram will be es tabl ished that will include 
orbi ta l flight mechan ics . This activity will include support to miss ion 
analysis and mis s ion planning at the p rogram level; es tabl ishment of data 
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r e q u i r e m e n t s , flight p r o c e d u r e s , s imulat ion and /o r t raining p r o g r a m s ; and 
definition of r equ i r emen t s for testing and analysis of t e s t data. Ascent 
per formance analys is for the ESS following separa t ion from the booster will 
be conducted. The cont rac tor will genera te detailed ESS p a r a m e t e r h i s to r i e s , 
mis s ion t ime l ines , and control r e q u i r e m e n t s . 

P a r a m e t r i c studies will be conducted to define the ESS per formance 
capabil i ty for var ia t ions in entry state vec to r , vehicle aerodynamics and 
m a s s loading p a r a m e t e r s , environmental condit ions, and sys tems and 
vehicle design l imi t s . The contractor will provide per formance data to aid 
in definition of sys tem and vehicle r e q u i r e m e n t s . Design t r a j ec to r i e s will 
also be genera ted . 

Studies will be conducted to fully define the ESS abort c ha r a c t e r i s t i c s 
throughout the launch phase of the ESS mis s ions . 

The contractor will define the aerodynamic configuration design 
r equ i remen t s and the flight per formance c h a r a c t e r i s t i c s . Stability and 
control design c r i t e r i a will be es tabl ished for all m i s s ion phases , and an 
a i r loads analysis will be per formed. The cont rac tor will define ESS rigid 
body a i r loads and dis t r ibut ion data and will plan and conduct a wind tunnel 
p rog ram to provide data for the ESS. The contractor will provide a e r o ­
dynamic r equ i r emen t s for flight t es t and aerodynamic analysis of flight 
t es t data. 

The contractor will conduct aerodynamic heating ana lys i s , t h e r m a l 
protect ion ana lys i s , and t h e r m a l control analysis to define r equ i r emen t s 
for the design and testing of the ESS TPS and t he rma l control subsys t ems . 

The cont rac tor will define flow-field models to support the definition 
of the aerodynamic heating environment and aerodynamic heating 
predict ion models . 

The cont rac tor will also provide t he rma l design c r i t e r i a and integrated 
t he rma l control r equ i r emen t s for subsystem and subsys tem component 
design. 

4. 2 SUBSYSTEM DESIGN AND DEVELOPMENT 

The ESS contractor will be responsib le for al l engineering effort and 
m a t e r i a l s r equ i red to design, develop, and cert ify a l l the ESS subsys tems 
and the in tegrat ion of the subsys tems into the vehicle . As stated previously , 
existing S-II, shut t le , and Apollo designs will be util ized to the optimum 
extent. 
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A combined vehicle sizing -will be per formed with the booster con­

t r ac to r to finalize the configuration of the ESS and modifications to the 
booster vehicle . Design functions will provide init ial vehicle and subsystem 
configurations. These configurations will be refined in prepara t ion for 
development test ing and updated following completion of development tes t ing. 

P r e l i m i n a r y design effort will be provided to genera te CEI Pa r t I 
Specification data , p re l imina ry p rocuremen t specif icat ions, block d iagrams 
and schema t i c s , functional desc r ip t ions , and p rocess specif icat ions. P a r t s 
l i s t s , weights , vo lumes , equipment locat ions , and interface data will also 
be provided. 

Detailed development plans and schedules will be established and 
implemented. The ESS contrac tor will provide data , r e p o r t s , d rawings , 
specif icat ions, and char t s for PDR's and CDR's . 

Detailed design effort will be provided to genera te CEI P a r t 2 Specifi­
cation data , detailed engineering drawings , ICD ' s , subsystem tes t and 
checkout specif icat ions , p rocuremen t specif icat ions, and analyt ical design 
and tes t data. Development and cer t i f icat ion tes t p r o g r a m s , ground and 
flight s imulat ion t e s t s , mockups, and labora tory breadboards will be 
included. Tes t r e q u i r e m e n t s , tes t p lans , data , data evaluation, and tes t 
r epor t s will be provided for all major development tes t s and ana lyses . 

ESS engineering activit ies, supporting the manufacture and tes t of the 
vehicle and support equipment will also be provided. Information for spare 
par t s l i s t s , flight handbooks, and r epa i r /maintenance manuals will be 
provided. 

The specific unique design r equ i r emen t s and c r i t e r i a for the sub­
sys tems a r e defined in the following p a r a g r a p h s . 

4. 2. 1 S t ruc tura l Group 

The p re l imina ry s t ruc tu ra l design will be based on the init ial sizing 
and wind tunnel tes t ing , and the main propulsion engine physical and pe r ­
formance r equ i r emen t s contained in the ESS/engine interface control 
document (ICD) and the payload configuration (ICD). Development of the 
docking subsys tems a r e requi red to support rendezvous with the orb i te r 
(ICD). 

The a r e a s of i n t e re s t in the s t ruc tu ra l and mechanical group consis t 
of body s t r u c t u r e , t h e r m a l protect ion, and docking. The following 
engineering effort and requ i rement s a r e specific to the s t ruc tu ra l subsys tems . 

3-19 
SD 71-140-5 



Body St ruc tures 

The cont rac tor will provide s t ruc tu ra l s tat ic t es t a r t i c l e s and conduct 
t e s t s to demons t ra te achievement of the following object ives: (1) that 
permanent set will not occur in the s t ruc tu res at l imit loads ; (2) that 
s t ruc tu re s will not fail at ult imate loads; (3) that s t r u c t u r a l , t h e r m a l , and 
pogo analysis data co r r e l a t e with tes t data; and (4) that the capability to 
withstand design loads and t e m p e r a t u r e s will include, but not be l imited to , 
max imum-Q alpha and maximum axial acce le ra t ion . 

The cont rac tor will perform s t ruc tu ra l analyses and t r ade studies to 
verify p r i m a r y s t ruc tu ra l load pa ths , se lect m a t e r i a l s , and identify 
stiffened skin configurations and f rame spacings . S t ruc tura l s izes and o v e r ­
all vehicle sect ion p roper t i e s will be verif ied. The contrac tor will also 
conduct development/qual if icat ion type s t ruc tu r a l tes t ing. 

S t ruc tura l analysis and tes t will also be provided to define/verify the 
interface r equ i r emen t s for booster /ESS interface and separa t ion s y s t e m s , 
payload/ESS in te r face , or bi ter /docking interface and sys t em, and the ESS/ 
main engine in ter face . 

The contractor will perform s t ruc tu ra l dynamic analyses to de te rmine 
loads , deflect ions, and /o r s t ruc tu ra l sys tem stabili ty for all ESS miss ion 
phases from prelaunch through deorbi t . Studies will be conducted to 
examine flexible body dynamic loads due to prelaunch opera t ions , liftoff, 
separa t ion , boost, orbi ta l m a n e u v e r s , docking. Stability studies will be 
per formed for pogo and stat ic ae roe las t i c i ty . Predic t ions and calculat ions 
of shock, vibrat ion, and acoust ic environments will be made ; and design 
and t e s t c r i t e r i a will be developed. Calculations will be supported by 
dynamic model t e s t s for evaluating vehicle modes , ground wind effects, and 
buffet/flutter boundar ies . Analyses will support detailed designs on the 
major s t ruc tu ra l subsys t ems . The cont rac tor will plan and init iate 
development- type tes t p rog rams and define r equ i remen t s for the ground t e s t 
p rog ram requ i red for evaluation of s t ruc tu ra l dynamics s tudies . 

The ESS contrac tor will also es tabl i sh a weight and mass p rope r t i e s 
and volumetr ic control p rogram for the ESS vehic le . 

T h e r m a l Protec t ion 

The contrac tor will provide the tes t r equ i remen t s and conduct develop­
ment t e s t s on the t he rma l protect ion sys tem (TPS) to develop uti l ization 
c r i t e r i a for the external insulation. 
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Docking 

To permi t r ecovery in orbi t of high-value components from the ESS 
by the o rb i t e r , the ESS will util ize the basic shuttle docking sys tem. This 
will significantly reduce the development effort which otherwise would be 
requ i red . A flexible body loads analysis will be performed for all 
expected ESS docking conditions. In addition, verif icat ion tes t s will be 
conducted of all the docking loads; these will be performed on the ful l -scale 
t e s t a r t i c l e . 

4 . 2 . 2 Avionics Group 

The integrated avionics subsys tem (IAS) for the ESS will be a hybrid 
sys tem combining the most a t t rac t ive components or sys tems from the 
Saturn S-II, the Apollo CSM, or the Shuttle p r o g r a m s . This approach has 
been taken to provide a cost-effective p rogram and to advance der ivat ives 
to the s t a t e -o f - the -a r t being employed by the Shuttle P r o g r a m for flight 
vehicles and the support equipment requ i red to develop, check out, se rv ice 
and launch the vehic les . 

The integrated avionics subsys tem will consis t of the following 
e lements : (1) guidance, navigation, and control (GN&C); (2) data and control 
management (DCM); (3) communicat ions; (4) e l ec t r i ca l power dis t r ibut ion 
(EPD); (5) e lec t r i ca l control (EC); (6) ins t rumenta t ion; and (7) software. 
These e lements a r e developed through the component a s sembly s tages into 
subsys tem and integrated t e s t s . After completion of the avionics subsys tems 
t e s t s , the combined avionics /non-avionics tes t ing, culminating in wet and 
dry flight demonst ra t ion testing and launch s imulat ion, will be init iated. 

Emphas i s will be placed on using the Shuttle P r o g r a m Avionics Sub­
sys tems Integrat ion Labora tory (ASIL) for development of the software for 
the ESS and for integrat ion of functions and verif icat ion of avionics and 
non/avionics in te r faces . (Also, the Hydrau l i cs /Cont ro l s Laboratory will be 
requi red to develop end-to-end flight control testing into propulsion sect ion. ) 

The following requ i rement s and engineering effort per ta in to the 
integrated avionics subsys tem. 

Guidance, Navigation, and Control Subsystem 

The function of the GN&C subsys tem is to de te rmine the posit ion, 
velocity, a t t i tude, and attitude r a t e of the vehicle; to compute des i red 
changes to any or al l of these vehicle s ta tes in accordance with in te rna l ly -
s tored or a l te rable computer p r o g r a m s ; and to provide control signals to 
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the propuls ion sys tems for commanding those changes. The basic GN&C 
equipment (without redundancy) consis ts of (1) an ine r t i a l measur ing unit 
(IMU), (2) a r a t e gyro set , and (3) interfacing e lec t ronic control uni ts . 

The navigation equipment senses vehicle ine r t i a l changes and provides 
this information to the data and control management (DCM) computer . The 
guidance and navigation software opera tes on the rece ived data and genera tes 
the control signals which command changes in the vehicle attitude or state 
vector in accordance with preplanned mi s s ion object ives . Other inputs from 
non-GN&C hardware (tracking and communicat ions) contribute to the solution 
of the navigation problem for determining pa r t i a l vehicle state vector p a r a m ­
e t e r s . P r i m a r y functions of the separa te GN&C as sembl i e s to be verified 
a r e as follows: 

1. Iner t ia l measur ing unit — Verify the sys tem attitude measu remen t 
capabil i ty. Verify the sys tem acce le ra t ion measurement 
capabil i ty. 

2. Rate gyros —Verify the capability to m e a s u r e attitude ra t e s of 
change. 

3. E lec t ron ic control units — Verify the capability of the units to 
adequately per form in accordance with the design t ransfe r function. 

Data and Control Management Subsystem 

The data and control management subsys tem (DCM) is the cent ra l 
integrat ing agent for all ESS vehicle subsys t ems . The subsystem consis ts 
of the ha rdware and the software to implement the following: (1) configura­
tion control and sequencing, (2) guidance and navigation computation, (3) 
flight cont ro l , (4) data s to rage , (5) data acquisi t ion and distr ibut ion, (6) 
checkout and fault isolat ion, and (7) se l f -management . 

All e lements function together to add re s s s t o r age , obtain and s tore 
information, p roces s a r i thmet ic and logical data , execute sequential 
ins t ruc t ions , p rocess i n t e r rup t s , and init iate communicat ions between 
s torage and the input/output devices . 

The DCM subsystem requ i r e s considerable software to p rocess 
c o m m a n d / r e s p o n s e data and perform the other t a sks necessa ry for vehicle 
opera t ion. Adaptation of modular software developed for s imi lar functions 
on the Shuttle P r o g r a m and development of the special ized software for ESS 
demands will r equ i r e a major sha re of the in tegra t ion task . Use of the 
Avionics Systems Integrat ion Labora tory reconfigured to the ESS will enhance 
rapid verif icat ion of modular block uti l ization and verif icat ion of the ESS 
dedicated software. 
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General r equ i rement s of subsys tems components a r e as follows: 
1. Centra l P rocess ing Unit (CPU) — Verify ability of sys tem to 

address s to rage , collect and s to re data , p roces s equat ions, 
execute sequential i n s t ruc t ions , and p rocess i n t e r rup t s . 

2. Input/output units (I/O) — Verify the ability to p rocess t ransfe r of 
data between the CPU's and al l ACT/LRU's via the data bus and 
to devices controlled by dedicated hardwire sys tem. 

3. Data bus — Verify the capabili ty of the bus to interconnect all 
e lements of the IAS and the IAS with other ESS subsys t ems , 
between the ESS and the shuttle booster , and between the ESS 
and the ESE. 

4. Storage units — Verify the ability to s tore and r e t r i eve data 
located in the main m e m o r y sections within specified t ime l imi t s . 

5. Software — Verify that the software modular units a r e compatible 
with the DCM sys tem and a r e acceptable for ESS usage. Verify 
that supplemental p r o g r a m s bridge the configuration gap between 
the shuttle and ESS r e q u i r e m e n t s . 

Communications Subsystem 

The communications subsys tem will have the capability of t ransmi t t ing 
and receiving all radio frequency information n e c e s s a r y to accomplish the 
basic ESS miss ion by providing t e l e m e t r y data, turnaround ranging data , 
and receiving updata and range safety commands . The subsys tems se rve 
the functions of the following four data l inks: (1) data bus communica t ions , 
(2) t e l eme t ry communica t ions , (3) updata communicat ions , and (4) range 
safety communicat ions . 

The approach and ra t ionale to be used in the communications sys tem 
tes t p rogram was developed to prec lude const ra int of total sys tems by 
incompatible r e q u i r e m e n t s . Those components and subsys tems requir ing 
development will be subjected to analyt ical t e s t s to ensure compatibili ty with 
the vehicle r equ i rement s and s y s t e m s . The par t icu lar i t ems requir ing t e s t s 
of an analytical na ture a r e the antenna s y s t e m s , t e l eme t ry , and the data 
s torage equipment. The antenna sys tems t es t s a r e model t e s t s to verify 
proper location of the antennas to ensure coverage in all d i rec t ions with 
respec t to the vehicle . . The t e l eme te ry development p rog ram will r equ i re 
breadboard tes t s to ensure inter lacing of the engine data with the data bus 
extracted information and pr io r i ty channels using w o r s t - c a s e phase and 
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capacity p a r a m e t e r s . The data s torage equipment will r equ i r e tes t s 
s imi la r to the t e l e m e t r y system to a s s u r e s torage adequacy during periods 
of high data t r a n s m i s s i o n . 

Component level t e s t s a r e conducted on all i t ems pr ior to util ization 
in the communicat ions sys tems at a level sufficient to ensure that the design 
p a r a m e t e r s a r e met . The subsystem and combined subsys tem tes t s will be 
conducted on a completed vehicle. 

P r o g r a m Software 

The cont rac tor will provide design, development , production, and 
operat ional effort in support of b readboards , s i m u l a t o r s , and the Avionics 
System Integrat ion Labora tory . The computer software will include that 
requi red for all e lements of the avionics subsys tem group, including GN&C, 
communica t ions , data and control management , power dis t r ibut ion and 
cont ro l s , and ground sys tems software. 

Tes t s will be per formed to verify designs and analyses and to 
demons t ra te sys tem opera t ion and pe r fo rmance . Tes t s will be s t ruc tured 
to validate software modules before incorpora t ion in opera t ional ha rdware . 

E l ec t r i ca l Power Distr ibut ion Subsystem 

The e l ec t r i ca l power subsystem is the ESS energy source and d i s t r i ­
bution network r equ i r ed to support the load demands of the IAS for the 
24-hour miss ion life. The ESS employs ba t te r ies to supply e l ec t r i ca l 
energy for the 24-hour miss ion . The power sys tem supplies energy for the 
main , ins t rumenta t ion , heater and rec i rcu la t ion /EAS dis t r ibut ion s y s t e m s . 

Control of the i n t e rna l / ex t e rna l power source will be by 200-ampere 
t rans fe r switches with hardwire and data bus control . Monitoring devices 
to verify stage cu r r en t levels will function as a pa r t of the fai lure detection 
and isolat ion methods . 

Conversion capabili ty for ac power needs will be supplied from the 
rec i rcu la t ion /EAS bus sys tem, utilizing i nve r t e r s to provide the neces sa ry 
vo l tage /cur ren t / f requency r e q u i r e m e n t s . 

E l ec t r i c a l Control Subsystem 

The e lec t r i ca l control subsystem (ECS) is the interfacing agent 
between avionic and non-avionic subsys t ems . The ECS requ i r emen t s derive 
from the r equ i r emen t s for operat ion of the mechanica l s u b s y s t e m s , since 
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the ECS interfaces d i rec t ly with the following: (1) main engine, (2) auxi l iary 
propulsion, (3) engine actuation, (4) p re s su r i za t ion , (5) propellant feed, 
(6) propellant management , (7) separa t ion control , and (8) safing. 

The functional r equ i remen t s for sequencing, t iming, response t i m e s , 
analog and d i sc re t e m e a s u r e m e n t s , redundancy c r i t e r i a , and software 
requ i rements a r e es tabl ished within each of the subsys tems noted. These 
requ i rements dr ive back into the DCM subsys tem for software programming 
and equipment sizing. These same requ i rements will also define checkout 
and fault isolat ion (COFI) techniques as well as to le rances for subsys tems 
opera t ions . 

The power conditioning, d is t r ibut ion and control sys tem will per form 
all requi red power convers ion, dis t r ibut ion, control , and regulat ion, and 
will provide fault protect ion. 

The cont rac tor will conduct labora tory tes t s to verify operat ion of 
individual c i r cu i t s . The sys tem will be verified by t e s t s in the ASIL. 

Ins t rumentat ion Subsystem 

The ins t rumenta t ion subsys tem will provide for the acquisi t ion, 
p rocess ing , and s torage of operat ional and tes t data. The equipment 'will 
include al l s enso r s and signal conditioning equipment that is not an in tegra l 
par t of the individual subsys tem. 

The cont rac tor will per form development t e s t s to verify the operat ion 
of the individual m e a s u r e m e n t s y s t e m s . The equipment will then be tes ted 
as a par t of the avionics subsys tem t e s t s . 

Avionics Integrat ion 

The cont rac tor will per form design analyses and t e s t s to ensure that 
the integrated Avionics subsys tem elements per form in accordance with the 
design r e q u i r e m e n t s , not only to verify the equipment but to confirm that the 
subsystem also sat isf ies all in te r faces . In performing this task the 
contractor will define and demons t ra te a tes t p rogram that will provide 
confidence in the avionics design approach. This tes t p rogram is encom­
passed in the Avionics Subsystem Integrat ion Labora tory . Tes t s will be 
performed to demons t ra t e the integrated system operat ions and per formance . 
Tes t r equ i remen t s for the final in tegrat ion t e s t s a r e to prove the compat i ­
bility of the avionics with other vehicle subsys tems . 
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4. 2. 3 Propuls ion Group 

The propulsion group consis ts of the main propuls ion subsys tem (MPS) 
and the auxi l iary propulsion subsystem (APS). The main propulsion sys tem 
(MPS) design will be based on ICD 13M150Q0B and cha rac t e r i s t i c s supplied 
by the main engine contrac tor and space shuttle o rb i t e r development. The 
final configuration for the auxi l iary propulsion subsys tem (APS) will be based 
on guidance and control design requ i rement s and space shuttle o rb i te r 
development. The development of the MPS and the APS will be phased to 
provide flight a r t i c l e s for instal lat ion, as r equ i red . 

The following r equ i remen t s and engineering effort a r e unique to the 
propulsion and power generat ion group. 

Main Propuls ion Subsystem (MPS) 

The MPS consis ts of liquid hydrogen and liquid oxygen tankage, p r e s -
sur iza t ion and venting p rov i s ions , propellant uti l ization and gaging p rov i ­
s ions , propellant d is t r ibut ion p rov i s ions , and rocket engines. 

The rocket engines will be provided to the ESS contrac tor as 
government-furnished equipment (GFE). Engine pe r fo rmance , when p r o ­
vided with propel lants under conditions as specified in space shuttle vehicle 
engine Interface Control Document, 13M15000B, will be in consonance with 
r equ i remen t s delineated in the GEI specification. The ESS contractor will be 
respons ib le for engine/vehicle integrat ion. Should incompatibi l i t ies exist 
between the engine ICD, 13M15000B, and the vehicle per formance r e q u i r e ­
men t s ; or should any engine/vehicle physical incompatibi l i t ies occur , the 
contractor will r ecommend cor rec t ive action to NASA. The ESS contrac tor 
will provide technical r ep resen ta t ion to the engine con t r ac to r ' s facility to 
coordinate engine-vehicle in te r faces . Engine cont rac tor t es t data will be 
made available to the ESS contractor for review and analyses to provide 
ear ly identification of integrated engine/vehicle sys tem p rob lems . 

The ESS contrac tor will conduct a stat ic firing t e s t on the f i r s t two 
expendable second stages at a NASA Static Fir ing Tes t Faci l i ty to 
demons t ra te or verify the following object ives: 

1. Capability to iner t the propellant t anks , feed, r ec i r cu la t ion , 
p r e s s u r i z a t i o n , and engine sys tems 

2. Capability to precondit ion vehicle propellant sys t ems for 
propel lant loading 

3. Capabil i ty to load propel lants 
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4. Capability of the p re s su r i za t i on sys tem to provide minimum 

ullage p r e s s u r e and net positive suction head (NPSH) under 
operat ing conditions 

5. Capability of the propel lant r ec i rcu la t ion sys tem to meet minimum 
engine propellant inlet r equ i remen t s 

6. Capability of the th rus t vector control (TVC) sys tem to per form 
sat is factor i ly throughout the complete range of operating 
r equ i r emen t s 

7. Capability of the ground servicing equipment to sa t i s fac tor i ly 
check out, s e r v i c e , and safe the vehicle sys tems 

8. Satisfactory per formance of al l sys tems under s tat ic firing 
conditions 

9. Capability of all vehicle sys tems to withstand acoust ic 
environments 

10. Funct ional capability of propellant deplet ion/engine cutoff sequence 

11. Th rus t s t ruc tu re compliance, s t ruc tu re dynamics , and 
ascer ta ined load paths 

The contrac tor will utilize the basic space shuttle components and 
assembl ies of the auxi l iary propulsion subsystem (APS) (OMS and ACPS) 
as developed by the shutt le. The APS will consis t of liquid hydrogen and 
liquid oxygen propellant tankage, tank p r e s su r i za t i on and venting p r o ­
v is ions , propellant gaging prov is ions , propellant d is t r ibut ion prov is ions , 
and rocket engines. 

The ESS contractor will conduct s tat ic firing development t e s t s on the 
APS to achieve or demons t ra te the following object ives: 

1. Capability to render iner t and precondit ion the propellant tanks 
and feed sys tems of the APS 

2. Capability of the propellant gaging sys tems to per form 
sat is factor i ly throughout al l r equ i red operating ranges 

3. Compatibili ty of auxi l iary propulsion subsystem with var ious 
e lements of the integrated avionics subsys tem 

4. Compatibili ty and sa t is factory interface pe r fo rmance of the 
integrated OMS/ACPS 
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5. Capability to supply requ i red p r e s s u r a n t to APS propellant tanks 

6. Capability of vent sys tem to control tank p r e s s u r e 

7. Ability to provide propel lants to the pump inlets at requ i red 
conditions 

Subsystem test ing of an in tegrated ESS OMS will be accomplished 
during development tes t ing. The t e s t will be per formed at the shuttle t e s t 
facil i ty. Some modification of the shuttle t es t facili ty will be requi red due 
to differences in the ESS and shuttle subsys t ems . During the MPS stat ic 
firing t e s t , the APS will be tanked and subjected to boost environmental 
condit ions. 

4. 2. 4 Ground Support Equipment and Fac i l i t i e s Design 

The contrac tor will provide r equ i remen t s and engineering effort 
specifically for the support equipment and faci l i t ies requi red at al l 
geographic s i t e s . 

ESS support equipment will include equipment which is common to the 
booster and designated in the commonal i ty l i s t . The ESS contrac tor will 
in tegra te the ESS unique and payload specific support equipment into the 
shuttle sys t em. 

P r o g r a m support equipment r equ i r emen t s will be reviewed in t e r m s 
of vendor needs , manufacturing and a s sembly needs , acceptance checkout 
needs , and needs of the operat ional p r o g r a m . This review will a s s u r e that 
support equipment costs will be minimized by commonali ty of design, 
al location of quant i t ies , and scheduling of uni ts . 

Support equipment includes the i tems n e c e s s a r y for launch, handling, 
checkout, t r anspor t a t ion , s e r v i c e , t ra in ing , and software re la ted to these 
i t e m s . The type of support equipment and the design r equ i remen t s for such 
equipment will be de te rmined from analysis of the r equ i remen t s for the 
shuttle sys tem veh ic l e s , their maintenance r e q u i r e m e n t s , and faci l i t ies 
and interfacing equipment. The specia l needs of the tes t p r o g r a m will also 
be cons idered . The types of equipment include the following: (1) faci l i t ies 
and facility equipment, (2) i n -p roces s manufacturing equipment, (3) specia l 
l abora tory equipment, (4) handling, se rv ic ing , t e s t , checkout, and launch 
support equipment (except for payload), (5) packaging design and equipment, 
(6) s tandard support equipment, (7) c o m m e r c i a l equipment , (8) government -
furnished equipment, (9) equipment from pr io r p r o g r a m s , (10) on-board 
support equipment (not permanent ly ins ta l led) , and (11) t raining equipment. 
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The contractor will per form the following tasks for each support 
equipment category: 

1. Determine detailed design r equ i r emen t s based on analysis of the 
specification r e q u i r e m e n t s , a i rborne subsystem detailed design 
r e q u i r e m e n t s , interfacing equipment, facil i t ies design de ta i l s , 
and maintenance r e q u i r e m e n t s . 

2. Review the detailed design r equ i r emen t s for ESS support equipment 
to de te rmine which i tems should become common with booster 
support equipment. 

3. Conduct design studies to es tab l i sh detailed approaches and 
solutions that meet the r equ i r emen t s of pe r fo rmance , safety, 
re l iabi l i ty , producibi l i ty , quality ver if icat ion, maintainabil i ty, 
cost , and schedule — considera t ion will be given to use of existing 
surplus equipment, existing des igns , and commerc i a l s tandard 
equipment. 

4. P r e p a r e for and par t ic ipa te in p re l imina ry design reviews (PDR) 
and cr i t i ca l design reviews (CDR). 

5. Pe r fo rm the detailed support equipment design which includes the 
p repara t ion of layouts , block d i a g r a m s , schemat ics and 
production drawings , and specif icat ions. 

6. Determine development t es t r equ i r emen t s for the support 
equipment. 

7. Provide technical coordination and ass i s t ance as requi red . 

8. Provide technical data , manua l s , tes t p r o c e d u r e s , and 
acceptance c r i t e r i a . 

9. Modify software developed on the Shut t le /Orbi ter p rogram as 
requ i red to support the ESS and maintain the software n e c e s s a r y 
to p rogram the function and operat ion of p rogrammable e lements 
of the support equipment subsys t ems . The software will include 
but not be l imited to ground computer p rograms for checkout, 
data reduct ion and p roces s ing , miss ion planning, flight opera t ions , 
management information and control s imulat ion. Specialized 
software requ i red to configure, p r o g r a m , ope ra t e , and mainta in 
other ground equipment i tems will also be provided. The con­
t r ac to r will also develop and implement an integrated data sys tem 
for p repara t ion and control of support equipment subsystem 
software and sof tware- re la ted data. 

/ 
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10. Identify the unique software requ i red to mee t the r equ i rement s of 

the support equipment subsys tem specifications and presen t the 
purpose , application, and design approach at the support equip­
ment subsys tem PDR for each element of software. To accomplish 
objectives of the software development, the contractor will perform 
the following t a sks : 

a. Determine detail p rogramming r equ i r emen t s and c r i t e r i a , 
based on analysis of the r equ i remen t specif icat ions, and 
equipment design detai ls 

b. P e r f o r m the actual coding of the p r o g r a m s and complete 
documentation of the p r o g r a m s will be p repa red 

c. Maintain the p rog rams and p rog ram documentation through 
the flight operat ions phase 

4 .3 MAJOR TEST ARTICLES, MOCKUPS, AND MODELS 

The approach and rat ionale for the t e s t and development of the ESS 
tes t a r t i c l e s , MPS and APS, is that maximum use of S-II and shuttle hard­
ware and faci l i t ies will be used to min imize ESS facil i ty and tes t hardware 
r e q u i r e m e n t s . 

Major t es t a r t i c l e s , mock-ups, and models that will be provided for the 
development of the ESS a r e l isted in the following subsec t ions . These a r e 
defined in m o r e detai l in the P re l im ina ry Tes t P lan . 

4. 3. 1 S t ruc tura l Static Tes t Art ic le - Body St ruc ture 

This a r t i c le will consist of the total vehicle s t ruc tu re with s imulated 
subsys tems as r equ i red . Tes ts will demons t ra te that permanent set does 
not occur at l imit loads , that the s t ruc tu re will not fail at ul t imate loads , 
and that the s t ruc tu re can sustain loads . The tes t will also provide 
s t ruc tu ra l stiffness data to support POGO ana lys i s . Ultimate loads will be 
demonst ra ted pr ior to f i r s t flight. 

4 . 3 . 2 Thrus t S t ructure Tes t Art ic le 

This a r t i c le will consist of the th rus t s t r u c t u r e , aft sk i r t , and OMS 
engine support . In addition to the verif icat ion of s t r uc tu r a l in tegr i ty , other 
objectives a r e as follows: 

1. To de te rmine s t r e s s and deflection influences of separa te engine 
and actuator loads 
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2. To de te rmine requ i red precan t angle of o rb i te r engines because 

of s t ruc tu ra l deflections 
**• 

3. To verify the analyt ical methods used to predic t s t r e s s levels and 
deflections 

4. To de te rmine effect of load peaking at the s t ruc tu ra l in terfaces 

4. 3. 3 Avionics Subsystem Integrated Labora tory (ASIL) Tes t Ar t ic les 

The ASIL will include all ESS software and sufficient power generat ion 
equipment to supply power and simulated or actual interfaces with other 
vehicle subsys t ems . The tes ts will verify compatibility between avionics 
subsys tems and interfacing subsys t ems . Testing will be phased to support 
static testing as r equ i red . 

4 . 3 . 4 S t ruc tura l Dynamics Models 

These models will be used in wind tunnels for s t ruc tu ra l dynamic 
analysis verif icat ion. They will include models for f lut ter , buffet, ground 
winds, and aerodynamic noise . 

4 . 3 . 5 Ae rodynamic /The rma l Models 

These models will be used as development tools to support finalization 
of aerodynamic vehicle shapes and TPS design. 
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5. 0 POTENTIAL TECHNICAL PROBLEMS 

This sect ion provides a descr ip t ion , in both engineering management 
and design t e r m s , of potential technical problems and a l te rna t ives planned 
to minimize the impac t , if the problems occur . Technical r i sk a s s e s s m e n t 
and problem solution techniques a r e compatible with Shuttle P r o g r a m 
r equ i r emen t s . 

5. 1 THERMAL PROTECTION SUBSYSTEM 

The t h e r m a l protect ion sys tem proposed for the ESS booster must be 
capable of withstanding acous t i c s , f lu t ter , and shock wave impingement . 
P r e c i s e analysis for these design conditions is p resen t ly beyond the 
state of the a r t . 

Wind tunnel and acoustic t e s t s will be per formed on r ep resen ta t ive 
tes t panels to verify the basic design concepts . The data from these tes t s 
will be evaluated, and modifications will be made to the TPS design for both 
the acoustic and shock r equ i remen t s as r equ i red . Aerodynamic flutter may 
requ i re panel stiffening with an attendant weight i n c r e a s e . 

The accompl ishment of these t e s t s is proposed for the ESS; however, 
a proposal has been submitted to accomplish this testing on a separa te 
change o rde r . If this task is approved, s t a t e -o f - t he -a r t information will be 
available p r io r to design r e l ea se of the ESS. 

5.2 STRUCTURES (SUPPORT POINT LOAD DISTRIBUTION) 

The sys tem proposed for support of the ESS on the shuttle booster 
imposes local loads on the ESS s t r u c t u r e . This type of loading is signifi­
cantly different than all previously developed support s y s t e m s . P r e sen t day 
technology is exhibited in the use of Saturn V type support where the loads 
a r e uniformly dis tr ibuted through the vehicle s k i r t s . F u r t h e r development 
and analysis is r equ i red for the new at tach sys tem to demons t ra te vehicle 
s t ruc tu ra l in tegr i ty . A detailed in ternal loads analysis will be performed to 
es tabl ish sk i r t s t ruc tu ra l sizing. This in terna l load dis t r ibut ion analysis 
will provide adequate confidence in the design to pe rmi t final s t ruc tu ra l 
verif icat ion in the proposed tes t p r o g r a m . 
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5.3 POGO INSTABILITY 

POGO-type ins tabi l i t ies have been encountered on most la rge liquid 
propel lant rocket powered boost vehic les . The ESS vehicle fits this category 
and, the re fo re , mus t be considered for the POGO phenomenon. The ESS/ 
booster combination is fur ther complicated by the lack of symmet ry of the 
mated veh ic les . 

Since the same basic POGO problem exists on the shuttle o r b i t e r / 
booster combination, the data obtained during the Shuttle P r o g r a m will be 
evaluated and applied to the ESS for the mated flight per iod. 

It is planned to use the stiffness c h a r a c t e r i s t i c s obtained from the 
s tat ic t es t s of the modified ESS th rus t s t ruc tu re to par t ia l ly verify the 
modeling used for that s t r u c t u r e . The LO2 feedline dynamics will be 
de te rmined by analys is using finite e lement techniques . The engine t rans fe r 
function and pump te rmina t ion impedance will be considered the r e s p o n s i ­
bility of the engine cont rac tor and is to be furnished by the NASA. The above 
technique when coupled with the knowledge gained on the S-II p rogram is 
considered adequate for defining ESS POGO susceptibi l i ty . The stat ic f ir ings 
will be used to verify, in pa r t , the s t ruc ture / feed l ing /engine interact ion. 
This will r equ i r e adequate low frequency and closely coupled in s t rumen ta ­
t ion, t he re fo re , no specia l t e s t s re la ted to ESS POGO a r e planned other than 
those requ i red by the engine cont rac tor to define the engine t ransfer function 
and pump te rmina t ion impedance. 
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SECTION IV. TEST PLAN 

1. 0 INTRODUCTION 

The ESS t e s t p lan def ines the ESS t e s t p r o g r a m , r e l a t e s tha t t e s t 
p r o g r a m to the t e s t r e q u i r e m e n t s d e l i n e a t e d in the ESS c o n t r a c t end i t e m 
s p e c i f i c a t i o n and the d e v e l o p m e n t t e s t r e q u i r e m e n t s def inable d u r i n g th i s 
p h a s e , and iden t i f i e s t e s t f lows and c o n s t r a i n t s . F a c i l i t y and s u p p o r t 
e q u i p m e n t r e q u i r e m e n t s a r e a l s o def ined for ESS d e v e l o p m e n t , qua l i f i ca t ion , 
and a c c e p t a n c e t e s t i n g . Since the b o o s t e r is f r o m the s p a c e shu t t l e o p e r a ­
t i ona l i n v e n t o r y , only m a t e d E S S / b o o s t e r t e s t r e q u i r e m e n t s a r e inc luded in 
t h i s p lan . 
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2 . 0 S C O P E 

The ESS t e s t p l an d e s c r i b e s t h e p r e l i m i n a r y c o n c e p t s of t h e P h a s e C / D 
t e s t i n g to be conduc ted on t h e ESS v e h i c l e , s u b s y s t e m s , a s s e m b l i e s , and 
c o m p o n e n t s . The f inal p l a n for ESS t e s t i n g wil l be g e n e r a t e d du r ing P h a s e C. 

The o v e r a l l p r e l i m i n a r y ESS t e s t p r o g r a m s u m m a r y i s p r e s e n t e d in 
Sec t ion 3. 0 and def ines t h e l e v e l s of t e s t i n g to be p e r f o r m e d on the s u b s y s ­
t e m s and the c o m p l e t e d v e h i c l e . 

Sec t ion 4 . 0 p r e s e n t s t h e d e v e l o p m e n t , qua l i f i ca t ion , and a c c e p t a n c e 
t e s t ph i losophy and c r i t e r i a . 

T e s t r e q u i r e m e n t s a r e p r e s e n t e d in Sec t ion 5. 0. In t h e f i r s t s u b s e c ­
t ion , r e q u i r e m e n t s for each of t h e i nd iv idua l v e h i c l e s u b s y s t e m s have b e e n 
def ined. The s e c o n d s u b s e c t i o n i t e m i z e s the i n t e g r a t e d r e q u i r e m e n t s . 

The m e t h o d to be u t i l i z e d in g e n e r a t i n g the final t e s t p l an and t h e m e a n s 
by which the ESS t e s t r e q u i r e m e n t s wil l be s a t i s f i e d u n d e r t h e ph i lo sophy and 
c r i t e r i a a r e p r e s e n t e d in Sec t ion 6. 0, A p p r o a c h and R a t i o n a l e . Inc luded in 
t h i s s e c t i o n a r e the o v e r a l l ESS t e s t logic and c o n s t r a i n t n e t w o r k and the t e s t 
s c h e d u l e . 

Major a r e a s of c o m m o n a l i t y b e t w e e n t h e ESS and the S-II and t h e ESS 
and the Space Shut t le P r o g r a m a r e d e l i n e a t e d in Sec t ion 7. 0. This s e c t i o n 
a l s o i nc ludes o t h e r d e t a i l e d a c t i o n s to be t a k e n to m a x i m i z e t e s t p r o g r a m 
c o s t - e f f e c t i v e n e s s . 

The s u p p o r t r e q u i r e m e n t s for i n t e g r a t e d t e s t i n g in t h e Av ion ic s 
S u b s y s t e m s I n t e g r a t i o n L a b (ASIL) in p o s t - m a n u f a c t u r i n g checkou t ( P M C ) , 
and at t h e s t a t i c f i r ing fac i l i ty , a r e deno ted in Sec t ion 8. 0. 

A g l o s s a r y of t e r m s is p r e s e n t e d in Sec t ion 9. 0 to p r o v i d e c o n c i s e 
def in i t ions of t e s t p h r a s e o l o g y and w o r d s u s e d in t h i s d o c u m e n t . 
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3. 0 PROGRAM SUMMARY 

3. 1 ESS TEST PROGRAM 

The tes t p r o g r a m for the ESS is an outgrowth of the design verif icat ion 
requ i rement s . The ESS miss ion dictates the design functional and environ­
mental r equ i r emen t s , and from these the verif icat ion requi rements a r e 
defined and will be delineated in the contract end i tem (CEI) specification. 
The verif icat ion requ i rements a r e analyzed and the tes t logic and cons t ra in ts 
a re p repa red for each subsys tem and for the overal l p rog ram. The tes t 
p rog ram, including approach and rat ionale , is then optimized to a s s u r e it 
will be both cost-effect ive and that the ESS vehicle is ready to per form the 
designated mi s s ions . Selection of S-II or shut t le -orb i te r -developed compo­
nents will be a major considerat ion during Phase C. Component level test ing 
will be developed as components a r e selected. This plan approaches the ESS 
test ing at t h r ee ha rdware levels : subsys tem, combined subsys tems , and 
vehic les . 

3. 1. 1 Subsystem Level Testing 

Subsystem level development tes t ing (e. g. , data and control manage­
ment, auxi l iary propulsion) will requi re close coordination between tes t and 
design functions. It will be sufficiently flexible to encourage functional effi­
ciency and maintainabil i ty in design, cost-effect iveness in ma te r i a l selection, 
and optimization of fabrication and nondestructive tes t and inspection t ech­
niques. Each development t es t and the resu l t s will be documented for analysis 
and retained for subsequent r e t r i eva l . This tes t data will include object ives, 
conditions, support , and ha rdware l imitat ions re la t ive to production equipment. 

Qualification test ing for functional Cri t ical i ty I hardware will be p e r ­
formed at cert if ied vendor or cont rac tor labs or cus tomer -approved tes t 
faci l i t ies . Test p rocedures will follow a s tandardized format and will r e fe r ­
ence the sys tem or CEI specification and the tes t logic constra int network. 

Each ESS subsys tem is p resen ted in a separa te subdivision of Subsec­
tion 5. 1 and includes a descr ip t ion of the subsys tem and its major functional 
e lements , design i s sues and cert i f icat ion r equ i remen t s , tes t approach and 
rat ionale, and support r equ i rements for the respect ive t e s t s . 

PRECEDING PAGE BLANK NOT FILMED 
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3. 1. Z Combined Subsystem Level Testing 

Major t e s t s for the integrat ion of specific subsys tems and the i r 
integrat ion with interfacing subsys tems a r e summar ized in the following 
p a r a g r a p h s . 

3. 1. Z. 1 Avionics/NonAvionics Test P r o g r a m 

The data and control management subsys tem and its complementing 
software is in tegrated in an Avionics Subsystem Integrat ion Labora tory (ASIL) 
with the following: guidance, navigation and control ; power; communicat ions 
and ins t rumentat ion; and nonavionics subsys tem in te r faces . Support equip­
ment , p rocedures , and tes t and operat ional software will also be in tegrated 
in this labora tory . These t e s t s , in conjunction with the integrat ion t e s t s on 
the flight vehic les , will e l iminate the need for a special ESS integrat ion 
vehic le . 

3. 1. Z. Z Auxiliary Propuls ion Subsystem Integrated Test P r o g r a m 

The orbit maneuvering and attitude control propulsion subsys tems 
sha re a common propel lant and p re s su r i za t i on sys t em. Integrat ion t e s t s will 
verify the subsys tem capability to per form hot firings at s imulated a l t i tudes . 
A cryogenic tanking tes t p r io r to the vehicle main propulsion firing will 
demons t ra te the propellant sys t em/suppor t equipment ability to se rv ice and 
control p rope l lan ts . Dry gimbaling t e s t s will be used to verify the th rus t 
vec tor control acceptance requi rements of the orbit maneuver ing propulsion 
subsys tem. 

3. 1. 3 Vehicle Level Testing 

Since the ESS p r o g r a m does not economically justify a dedicated a l l -
sy s t ems tes t vehic le , severa l design verif ication r equ i r emen t s will be 
verif ied on the f i r s t operat ional vehicle. Vehicle level r equ i r emen t s will be 
satisfied during th ree tes t phases as detailed in Subsection 5. 2. The th ree 
phases are summar ized below. 

3. 1. 3. 1 Post-Manufactur ing Checkout 

Upon completion of assembly and in- l ine manufacturing acceptance 
t e s t s , such as leak checks and continuity and megger t e s t s , each subsys tem 
will undergo a functional acceptance tes t during post-manufacturing checkout 
(PMC). The PMC will culminate in an integrated, noncryogenic, s imulated 
flight tes t designed to verify that all subsys tem interfaces a r e co r r ec t and 
that no extraneous in terac t ions exist . 
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3. 1. 3. 2 Static Fir ing Test P r o g r a m 

The f irst two vehicles will be s ta t i c - f i red at the launch operat ions s i te , 
utilizing the space shuttle o rb i te r support f ixture, engine exhaust a s p i r a t o r s , 
and modified flame deflector. 

One tes t will be conducted on each vehicle. Subsequent to the s ta t ic 
f i r ings, each of the vehicles will be subjected to a pos t - s ta t i c - f i r ing checkout 
p r i o r to final acceptance by the cus tomer . All vehicles subsequent to the 
f irs t two will receive final acceptance after PMC and will be t r anspor t ed 
direct ly to the operat ional s i te . 

The static firing of the first two vehicles was selected as the most cos t -
effective means to provide the n e c e s s a r y evaluation of the integrated main 
propulsion sys tem, including engines, t anks , feed l ines , p re s su r i za t ion , 
avionics, and cont ro ls . GSE compatibil i ty, s ta t ic f i r ing/ launch support 
equipment, faci l i t ies , p r o c e d u r e s , and software will all receive final ce r t i f i ­
cation during these t e s t s . Fit and functional compatibility of interfacing 
subsystems such as s t ruc tu res and propulsion will also be demonst ra ted . 
Major objectives of the tes t a r e to verify: 

1. Capability of the propel lant rec i rcu la t ion sys tem to meet min imum 
engine propellant inlet r equ i r emen t s . 

2. Capability of the p r e s su r i za t i on sys tem to provide minimum ullage 
p r e s s u r e and net posit ive suction head (NPSH) under requi red 
operating conditions. 

3. Capability to precondit ion vehicle propellant sys tems for propel lant 
loading. 

4. Capability of the th rus t vector control (TVC) sys tem to pe r fo rm 
sat isfactor i ly throughout the complete range of operating 
r equ i r emen t s . 

5. Capability to iner t the propellant t anks , feed, rec i rcula t ion , p r e s ­
sur izat ion, and engine s y s t e m s . 

6. Capability of the ground servicing equipment to sa t i s fac tor i ly check 
out, s e rv ice , and safe the vehicle s y s t e m s . 

7. Satisfactory per formance of all sys tems under stat ic firing 
conditions. 

8. Capability of vehicle sys t ems to withstand acoustic envi ronments . 
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9. Functional capabili ty of propellant deplet ion/engine cutoff sequence. 

10. Thrust s t ruc tu re compliance, s t ruc tu re dynamics , and ascer ta ined 
load pa ths . 

3. 1. 3. 3 Mated Flight Vehicle Testing 

When the f i rs t vehicle a r r i v e s at the operat ional s i te , it will be mated 
to the space shuttle booster in the horizontal mode. The mated vehicles will 
then be subjected to a mated horizontal dynamic tes t p r o g r a m p r imar i l y to 
de te rmine s t ruc tu ra l modes . Subsequent to this tes t p rog ram, the vehicles 
will be demated and will proceed through the i r respect ive prelaunch and launch 
opera t ions . The data generated by the dynamic tes t p r o g r a m will be util ized 
to es tabl i sh the flight control p r o g r a m p a r a m e t e r s . 

Although the f irs t flight of the ESS p r o g r a m will be operat ional , final 
ver if icat ion of seve ra l design i s sues will be accomplished. These i s sue s a r e 
detailed in Subsection 5. 2. 

3. 2 STRUCTURAL DYNAMICS TESTING 

St ruc tura l dynamics t e s t s a r e designed to invest igate th ree p r i m a r y 
a r e a s : ae roe las t ic i ty and dynamics loads, POGO, and shock/v ibra t ion / 
acous t i cs . One of the major dynamic tes t p r o g r a m s is the ground vibrat ion 
tes t on the flight vehicle to verify analytically determined vehicle modes and 
damping c h a r a c t e r i s t i c s . POGO involves a coupling of the s t ruc tu ra l sub­
sys t em with the main propulsion subsys tem; the re fo re , these t e s t s will be 
designed to obtain data for confirmation of analys is . Test data a r e also 
requi red to support POGO suppress ion development. Static firing t e s t s of 
single engines by the engine cont rac tor , using a s imulated ESS LO2 feedline, 
will provide data on the behavior of the feedl ine/pump/engine with and without 
a suppress ion device. Finally, flight vehicles will be ins t rumented to a s c e r ­
ta in that no POGO tendencies a re p resen t . Shock, vibrat ion, and acoustic 
tes t p r o g r a m s a re planned to validate predic ted dynamic environments and to 
de te rmine response of local s t ruc tu re and equipment for confirmation of 
design c r i t e r i a . Initial aerodynamic noise predic t ions a r e checked by wind 
tunnel model t e s t s . Rocket engine noise will be m e a s u r e d in s tat ic firing 
t e s t s of individual engines. Acoustic data from booster c lus ter firings will 
be uti l ized to confirm predicted liftoff noise levels and in-flight m e a s u r e ­
ments for other v ib ro-acous t i c envi ronments . 

3. 3 WIND TUNNEL TEST PROGRAM 

Wind tunnel test ing will be conducted to obtain data for analysis and 
development of design c r i t e r i a and for substant iat ion of analytically predicted 
pe r fo rmance design environment. The Phase C/D wind tunnel tes t p r o g r a m 
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has been planned as a continuation of the test ing accomplished during Phase B. 
The main ca tegor ies for wind tunnel tes t ing a r e ae rodynamics , heat t r ans fe r , 
and s t ruc tu ra l dynamic t e s t s . Aerodynamic wind tunnel t e s t s will be con­
ducted for individual ESS as well as mated ESS/booster configurations. A e r o -
thermodynamic wind tunnel t e s t s will initially employ paint models to 
determine constant t e m p e r a t u r e contours . Subsequently l a r g e r - s c a l e models 
will be used to acquire more detailed t e m p e r a t u r e and heating ra te data by 
means of thermocouple ins t rumenta t ion. S t ruc tura l dynamic wind tunnel t e s t s 
will provide a i r vehicle design data and val idate the analytical methods used 
to calculate dynamic response and flutter marg ins . 

ESS and booster dynamic models will be used both individually and in a 
mated configuration to study "launch veh ic l e" s t ruc tu ra l dynamics in other 
than the liftoff flight region. 

3 .4 ELECTROMAGNETIC COMPATIBILITY TEST PROGRAM 

Verification of e lec t romagnet ic compatibil i ty (EMC) r ep re sen t s tes t ing 
activity at all ha rdware levels from the component to the complete vehic les . 
During the initial development phase , EMC te s t s will be per formed on new 
subsystem equipment as well as additional t e s t s if neces sa ry on "off-the-
shelf" black boxes. The resu l t s of these t e s t s will be util ized in establishing 
requirements for subsequent subsys tem and combined subsys tem level t e s t s . 
Electromagnet ic in te r ference (EMI) susceptibi l i ty identification and c o r r e c ­
tions will be implemented in the Avionics Subsystem Integrat ion Labora tory , 
the hydraulics tes t stand, the s ta t ic firing p rog ram, and ul t imately the flight 
vehic les . EMC/EMI evaluation at the vehicle level will be per formed during 
post-manufacturing checkout at the final assembly a r ea and finally during 
preflight opera t ions . 

3. 5 MAJOR TEST ARTICLE SUMMARY 

As a resul t of the maximizat ion of S-II and shut t le -orb i te r -deve loped 
components and a s sembl i e s , a min imum number of major tes t a r t i c l es a r e 
required by the ESS tes t p r o g r a m . Test a r t i c le requ i rements a r e detailed in 
Subsection 5. 1 and a r e summar i zed in Table 4 - 1 . 
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Table 4 - 1 . Major Tes t Ar t ic le Summary 

AVIONICS SUBSYSTEMS INTEGRATION LABORATORY (ASIL) 

The ESS avionics group will be developed in the space shuttle p rog ram ASIL. 
The following ESS avionics subsystems will be both developed individually 
and in tegrated in the ASIL: 

1. E lec t r i ca l power subsystem 

2. Data and control management subsystem 

3. Guidance, navigation, and control subsys tem 

4. Communications subsys tem 

5. E lec t r i ca l controls subsystem 

6. Ins t rumentat ion subsystem 

The ASIL will also be integrated with a hydraul ics labora tory to provide thrus t 
vec tor control development for main propulsion and orbit maneuvering 
subsys tems (OMS). 

BODY STRUCTURE TEST ARTICLE 

The body s t ruc tu re tes t a r t ic le will be subjected to the applicable port ions of 
the s t ruc tu ra l tes t p r o g r a m . This ar t ic le is compr i sed of t h r ee major 
s t ruc tu ra l a s s e m b l i e s : forward sk i r t , LH2 tank, and aft sk i r t . 

THRUST STRUCTURE TEST ARTICLE 

The thrus t s t ruc tu re tes t a r t ic le will also be subjected to the applicable 
port ions of the s t ruc tu ra l tes t p rog ram. This a r t i c le is compr ised of the 
th rus t s t r u c t u r e , aft sk i r t , and OMS engine support a s s e m b l i e s . 

AUXILIARY PROPULSION SUBSYSTEM (APS) 

The APS will be developed in the Space Shuttle Orbi ter APS tes t facility. The 
ESS APS components will be the s ame as those in the Orbi te r APS, however 
fewer in number . Utilization of the Orbi ter APS tes t facility resul ts in 
significant cost savings. 
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4. 0 TEST PHILOSOPHY AND CRITERIA 

It is intended that ESS component, subsys tem, and sys tem test ing be 
developed as an integrated p rog ram; i. e. , t e s t requ i rements for an individual 
element will be ta i lo red based on that e lement ' s operat ional r equ i r emen t s . 
All test ing to be per formed from development, qualification, acceptance, 
manufacturing i n - p r o c e s s , and operat ional checkout through flight will be 
considered. The tes t p r o g r a m will thus allow maximum use of all tes t data 
in satisfying cert if icat ion r equ i r emen t s , which should accomplish the basic 
objective of achieving adequate confidence at minimum cost . The tes t data 
will also be used for the development of checkout p rocedu re s , the es tab l i sh­
ment of t r ends , and in the resolut ion of anomal ies . 

All equipment, both flight and GSE, shall be certif ied for flight (or 
operat ional use) by an a s s e s s m e n t of previously identified analyses and tes t 
resul ts from development, qualification, acceptance, off-limit, checkout, 
and other special t e s t s . Qualification as a par t of cert i f icat ion is requi red 
for c r i t ica l components only. 

Ear ly developmental tes t ing will necessa r i ly requ i re a highly flexible 
approach so that ha rdware configuration and operating and checkout p r o c e ­
dures a re optimized. As final component and subsys tems configurations a r e 
selected, development tes t ing will become more r igorous and acceptance 
tes t requi rements and approaches will be determined and proven, as will 
operating software, checkout concepts , maintenance approaches , and in te r ­
facing ground support equipment (GSE). At the other end of the sca le , 
acceptance test ing will requi re r igorous control , inspection, and documenta­
tion from the outset to a s s u r e that all elements of the ESS p r o g r a m , including 
software, p rocedu re s , and GSE, meet the specified requi rements (per form­
ance, functional, configuration, etc . ) and that no manufacturing defects exist . 

The tes t p r o g r a m is s t ruc tured to satisfy the development and ver i f ica ­
tion " i s s u e s " or requ i rements that a r e identified during design and develop­
ment. The es tabl ishment of a p rocedure for posit ive and early identification 
of these " i s s u e s " or r equ i rements is thus c r i t i ca l to tes t p r o g r a m planning 
and implementat ion. These verif icat ion requi rements will be based on the 
most c r i t i ca l operat ional or miss ion requi rement and will be t r aceab le to 
corol lary specification r equ i r emen t s . 

Test p rocedures and equipment utilized for component and subsys tems 
test ing at subcont rac tor , suppl ier , and p r ime cont rac tor plant locat ions will 
be s tandardized insofar as poss ib le . To the extent that it is p rac t icab le and 
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cost-effect ive, t e s t plans and p rocedures will be based on the use of highly 
flexible and mul t ipurpose ground support t es t equipment. Fo r manufacturing 
i n -p roces s and other appropr ia te tes t ing, the onboard checkout capability 
will be utilized to the max imum extent p rac t i ca l . 

Special l i fe-cycle test ing (other than s t ruc tu ra l fatigue) for the accumu­
lation of s ta t i s t i ca l rel iabi l i ty data will be accomplished by exception. This 
data will normal ly be obtained by acquiring operating t ime data and failure 
t r ends throughout the development, qualification, acceptance , and operat ional 
phases of the p r o g r a m . The integrated tes t p r o g r a m approach will provide 
for accumulat ion of this data during the p rocess of satisfying other t e s t 
requi rements without the implementat ion of special t e s t s . Nondestruct ive 
tes t techniques shall be uti l ized to the maximum extent in this r egard . 

Wind tunnel tes t ing will be conducted as neces sa ry to es tabl ish r eason­
able confidence in the capability of the configuration to satisfy p r o g r a m 
requ i remen t s . Data and related information should be acquired from wind 
tunnel t e s t s of appropr ia te ly designed subscale models . Test conditions 
shall be represen ta t ive of the flight modes of ascent and separa t ion . Flight 
conditions shall be s imulated within the prac t ica l l imits of existing faci l i t ies , 
including applicable Mach and Reynolds numbers , vehicle a t t i tudes , and 
booster aerodynamic control surface posi t ions. Maximum uti l izat ion will be 
made of government-owned wind tunnel facilities and identification of specific 
r equ i r emen t s . 

4. 1 DEVELOPMENT TESTING 

Development tes t ing is that test ing conducted to se lec t and prove the 
feasibility of design concepts . Development test ing is concerned with engi­
neering evaluations of ha rdware , software, and manufacturing p roces se s and 
techniques for the purpose of acquiring engineering data, identifying sensi t ive 
p a r a m e t e r s , evaluating the development configuration pe r fo rmance , and p r o ­
viding the neces sa ry confidence that the ha rdware will meet the specification 
requ i rements and the manufacturing p roces s will produce an acceptable p rod­
uct. Development test ing encompasses ma te r i a l s select ion and c h a r a c t e r i z a ­
tion, p rocess evaluation, design feasibility determinat ion, and overal l vehicle 
design and configuration verif ication, including that for major t es t a r t i c le and 
model t e s t s . 

4. 1. 1 Development Testing Cr i t e r i a 

1. Development of checkout and maintenance plans and p rocedures 
will be accomplished during subsys tem development and will be 
verif ied during the operat ional phase of the p r o g r a m . 
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2. Ear ly subsys tem integrat ion with the software will be a key tes t 

p r o g r a m goal. 
3. O v e r s t r e s s tes t ing, when required for operat ional analysis or 

design and manufacturing verif icat ion, may be conducted at the 
completion of the development p r o g r a m utilizing development 
ha rdware . O v e r s t r e s s and off-limit conditions include both 
inc reased t ime at qualification levels and inc reased sever i ty of 
the applied s t r e s s or condition as applicable. 

4. Acceptance t e s t s , p rocedu re s , equipment, and t e s t levels shall be 
proven and verif ied during development tes t ing. 

5. Where new mate r i a l s or existing ma te r i a l s under new conditions 
a r e to be used, adequate test ing shall be per formed to s ta t is t ical ly 
identify ma te r i a l p roper ty values . 

6. Application of nondestruct ive test ing techniques shall be proven 
and verif ied during the development tes t p r o g r a m . 

7. EMI/EMC test ing will be accomplished p r i m a r i l y at the component 
or subsys tem level and data will be accumulated for subsequent 
ins ta l led subsys tem susceptibi l i ty a s s e s s m e n t . This will be 
accompl ished as par t of the manufacturing " i n - p r o c e s s " t es t and 
in tegrated vehicle checkout activity. 

4. 1. 2 Development Test Requirements 

For flight ha rdware which is to undergo development tes t ing, t es t 
requi rements shall encompass the following as a minimum: 

1. Verification of design and per formance capabili ty, including 
redundancy. 

2. Verification of ability to meet miss ion requ i rements with adequate 
design marg in . 

3. Integrat ion of each component and subsys tem with other compo­
nents , subsys tems , faci l i t ies , and support equipment. 

4. Verification of p r o c e s s e s , p rocedures , equipment, and tes t levels 
for manufacturing, acceptance tes t ing, maintenance , checkout, and 
operat ional phases of the p r o g r a m . 

5. Determinat ion of significant failure modes and effects. 
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6. Determinat ion of the effect of var ious combinations of to l e rances 

and drift of design p a r a m e t e r s . 

7. Determinat ion of the effect of combinations and sequences of 
environments and varying s t r e s s levels . 

8. Identification of safety h a z a r d s , p a r a m e t e r s , r equ i rements and 
p r o c e d u r e s . 

9. Wind tunnel tes t ing utilizing models , major vehicle s egmen t s , 
components , e tc . shall be per formed in support of ascent t r a j e c ­
to ry ana lyses , stabili ty and control verif icat ion, abort p e r f o r m ­
ance evaluation, loads ana lyses , and flight pe r formance 
pred ic t ions . 

10. Verification of ability to detect malfunctions or degradat ion of 
des igned- in redundant e lements at the highest p rac t ica l level of 
assembly . 

11. Es tabl i shment of requ i rements for developmental and operat ional 
ins t rumenta t ion during the early phases of the p r o g r a m . 

4. 2 QUALIFICATION TESTING 

The basic objective of qualification test ing is the acquisit ion of quant i ­
ta t ive and qualitative data verifying specified per formance in specified 
environments to es tabl ish confidence that the tes t a r t i c le will pe r fo rm its 
design function with the requi red design marg in . Qualification test ing con­
s i s t s of a s e r i e s of functional and environmental t e s t s conducted on production 
h a r d w a r e with formal r igor , including a cal ibra ted facility and i n s t rumen ta ­
tion, inspection coverage , approved tes t plan, and approved tes t repor t . A 
fai lure or anomaly encountered during qualification test ing requi res posi t ive 
c o r r e c t i v e action agreed to by both cont rac tor and cus tomer . 

The requi rement for qualification test ing will be based on the functional 
c r i t i ca l i ty of the subsys tem and will be per formed on all ha rdware which, in 
event of fai lure, could resu l t in loss of crew or vehicle (Cri t ical i ty I as indi­
cated in Table 4-2) . 

Fo r the purposes of determining whether qualification test ing is or is 
not requi red , the provis ion of redundant identical components or s u b a s s e m ­
blies (only) i s not a sufficient cause for lowering the cr i t ica l i ty . Functional 
c r i t i ca l i ty should be based on an a s s e s s m e n t of the likelihood of continued 
functional pe r formance after incurr ing any credible failure due to a single 
o r combined s t r e s s or environment . True functional redundancy is r e p r e ­
sented by a completely a l t e rna te sys t em or redundant method of performing 
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the requi red function; however, functional redundancy can also be satisfied 
by redundant components if the postulated s t r e s s or environment resul t ing in 
the fai lure does not affect all redundant components . Determinat ion of func­
t ional c r i t ica l i ty must be based on fai lure modes and effects analyses (FMEA) 
in addition to packaging and location a s s e s s m e n t . 

Hardware whose failure would resul t in loss of p r i m a r y or secondary 
miss ion objectives or launch sc rub or delay shall genera l ly be cert if ied flight-
worthy by an a s s e s s m e n t of previously identified data from design analysis 
and t e s t during development, acceptance , off-limit, and checkout, in lieu of 
r igorous qualification tes t ing . In these c a s e s , a m o r e r igorous development 
and acceptance tes t p r o g r a m will general ly be requi red to satisfy these c e r t i ­
fication tes t r equ i r emen t s . F igure 4 -1 depicts the t e s t flow assoc ia ted with 
this cer t i f icat ion concept. 

Exceptions to the genera l guideline above will be identified by the con­
t r a c t o r for s t a t e -o f - t he - a r t or ex t remely high-cost (or other) components . 
A p r i m e considerat ion in this regard is overa l l p r o g r a m cos t -ef fec t iveness . 
In some cases the total p rog ram cost of fabricating and qualification test ing 
the component may be less than the potential consequences of foregoing qual i ­
fication tes t ing . 

4. 2. 1 Qualification Testing Cr i t e r i a 

1. Qualification test ing may be waived when equipment is se lected 
which has been previously qualified to the level requi red for the 
proposed ESS application. Adequate substant iat ion of configura­
tion control , inspection, fabrication methods , facility cert i f icat ion, 
e tc . must be submitted with supporting rat ionale to the contract ing 
agency for approval of the waiver . 

2. Hardware which could potentially resul t in loss of crew or vehicle 
shall rece ive a qualification tes t in the specified envi ronments . 
Environments selected shall be the w o r s t - c a s e condition (ground 
or flight) that the ha rdware is expected to exper ience in its s e rv ice 
life plus the design marg in . 

3. Qualification tes t levels must include verif icat ion of design marg ins . 

4. All qualification t e s t specimens shall be p roces sed through spec i ­
fied acceptance test ing p r io r to qualification tes t . 

5. Successful tes t ing of qualification ha rdware mus t be completed 
p r i o r to f irs t use in flight. 
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6. Where redundancy in design ex is t s , qualification t e s t s shall a s s u r e 

that each redundancy is verif ied. 

7. Qualification t e s t s shall be per formed under s t r i c t control of 
environments and tes t p rocedu re s . Adjustment or tuning of qual i ­
fication tes t ha rdware is not permi t ted during tes t unless it is a 
normal i n - s e r v i c e operation. 

8. The t e s t sequence during qualification test ing shal l follow the same 
o rde r ,whe re prac t icab le , in which the environment will be encoun­
t e r ed by the flight hardware . 

9. Qualification tes t hardware shall be of the same configuration as 
flight ha rdware . 

10. Requalification shall be requi red when: 

a. Design or manufacturing p r o c e s s e s a re changed to the extent 
that original testing is invalidated. 

b. Inspection, tes t , or other data indicate that a m o r e severe 
environment or operational condition exis ts than that to which 
the equipment was originally qualified. 

c. Manufacturing source is changed. 

4. 3 ACCEPTANCE TESTING 

Acceptance test ing is designed to verify that hardware produced by 
production methods under quality control p rocedures and ready for del ivery 
to its next assembly or usage point, complies with specif icat ions, is free 
from defects , and is capable of performing in conformance with stated con­
t rac tua l r equ i r emen t s . Acceptance tes ts begin with vendor tes t s at the 
component /subassembly, assembly , and subsys tem level and continue through 
demonst ra t ion at the t ime of vehicle delivery (or turnover) and cus tomer 
acceptance. 

Where appropr ia te , acceptance tes t s at the component / subassembly 
level shall include environmental tes t ing. Environment t es t levels shall be 
equivalent to miss ion requi rements or a level sufficient to s c r e e n defects . 
The cont rac tor shall make recommdnations concerning which i tems of ha rd ­
ware should be considered for environmental acceptance tes t ing . These t e s t s 
shall be designed to detect manufacturing flaws, workmanship e r r o r s , and 
incipient fai lures which a r e not readily detectable by normal inspection. 

Acceptance test ing at the subsys tem level (installed in the vehicle) shall 
include a demonst ra t ion of a l t e rna te / redundant modes of operat ion, together 
with malfunction switching logic, by exerc i se of subroutines inherent to the 
data control and management sys tem. Whenever poss ib le , a l te rna te / redundant 
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path checkout capability by malfunction simulat ion shall be an inherent 
subsys tem checkout feature and be accomplished without disturbing the flight 
configuration. 

4. 3. 1 Acceptance Testing Cr i t e r i a 

1. Acceptance of vendor-suppl ied equipment shall take place at the 
manufacturing source , insofar as is p rac t i ca l . Acceptance t e s t s 
at the component / subsys tem level will provide the n e c e s s a r y 
qual i ty/ inspect ion and test ing r igor to a s s u r e that functional 
p re - ins ta l la t ion test ing will be minimized. 

2. Al ternate or redundant path checkout shall be requi red on de l ive r ­
able components, subsys t ems , and s y s t e m s . 

3. Elect romagnet ic compatibili ty (EMC) will be establ ished at the 
design level and verif ied in the normal t es t and checkout sequence. 
Integrated t e s t s in the development and acceptance cycle will verify 
that no e lect romagnet ic in te r ference (EMI) ex is t s . 

4. Components or subassembl ies built by the p r ime end i tem con t r ac ­
to r , or not source inspected and accepted, shall be subject to the 
same acceptance requ i rements specified for vendor acceptance 
tes t ing. 

5. Each measu red p a r a m e t e r for acceptance test ing shall have a speci­
fied to le rance band of acceptabil i ty bracketing the nominal value. 

6. End i tem support equipment shall be accepted by a functional t es t 
according to specification. Where appropr ia te , each f irst a r t i c l e 
of an end- i tem model shall also have an environmental acceptance 
tes t ta i lored to its expected " i n - u s e " external environment under 
w o r s t - c a s e conditions. The tes t will be for a duration sufficient 
to disclose functional/environmental exposure deficiencies. 

7. Excess ive shelf life p r io r to installation may requ i re repeat 
acceptance testing for i tems designated age-sens i t ive or del icate . 
These i tems shall have specified the maximum handling r e q u i r e ­
ments or shelf life before re tes t . 

8. An integrated checkout of the ESS end i t em shall be conducted 
subsequent to final assembly . This checkout shall confirm that 
the vehicle has been manufactured and tes ted in accordance with 
engineering documentation and approved shop p r a c t i c e s . 
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Operat ional s i te acceptance test ing shall verify the var ious vehicle 
interface r equ i r emen t s , including ESS/booster separat ion, com­
municat ion and data functions, and in tegrated vehicle pneumat ic , 
propel lant , purge , and power compatibil i ty with ground support 
equipment and launch faci l i t ies . 

A facility ver i f icat ion p r o g r a m will be conducted to demons t ra te 
acceptabil i ty of facili t ies and facility s y s t e m s . Physical and func­
tional compatibil i ty with the ESS vehicle in terface r-equirements 
will be verif ied. 

S y s t e m / s u b s y s t e m per formance evaluation (while instal led on or in 
the flight vehicle) shall ut i l ize operat ional (natural) signals as 
s t imuli insofar as poss ib le . 

Retest may be required whenever: 

a. The t e s t was not per formed in accordance with approved 
specification or p rocedure . 

b. Test equipment malfunctions or opera to r e r r o r s occur . 

c. Modifications, r e p a i r s , replacement , o r rework of the a r t ic le 
or m a t e r i a l occur after completion of tes t ing. 

d. Pe r iod ic in tervals for re tes t shall be establ ished on a r t i c les 
or m a t e r i a l s subject to drift or degradat ion due to s to rage or 
handling. 

e. The number of r e t e s t s shall be l imited and based on the l imited 
life of the equipment. 

G F E used to support and /o r pe r form tes t s shall be maintained, 
ca l ibra ted , and controlled by the cont rac tor . GFE that becomes 
pa r t of de l iverable end i tem ha rdware shall be tes ted and con­
t ro l led as par t of that end i tem. 
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5.0 REQUIREMENTS 

5. 1 SUBSYSTEM REQUIREMENTS 

This section of the ESS t e s t plan contains the cert if icat ion 
requi rements and the approach to satisfying the requi rements for each ESS 
subsys tem. Specific i t ems included in each subsys tem section a r e : 

1. Subsystem descr ip t ion 

2. Hardware breakdown 

3. Subsystem schemat ic 

4. Certif ication requ i rements 

5. Test approach and ra t ionale 

6. Test logic and const ra int network. 

A brief descr ip t ion of each subsys tem is provided to es tabl ish a r e f e r ­
ence basel ine configuration upon which cer t i f icat ion requi rements and tes t 
ha rdware a r e based. A subsys tem ha rdware breakdown also furnished 
ref lects , in genera l , the work breakdown s t ruc tu re and establ ished ha rdware 
levels . 

Certif ication requ i rements a r e tabulated for each subsys tem. In addi­
tion to development and qualification, requ i rements associa ted with subsys tem 
acceptance a r e included. Since the S-II and shuttle o rb i te r components and 
assembl ies a r e to be uti l ized as much as poss ib le , many cert if icat ion r equ i r e ­
ments will have been satisfied on those p r o g r a m s . Those actions a r e denoted 
by the symbols "S-II" and "SS. " For r equ i rements where S-II or o rb i t e r 
assembl ies a r e modified for the ESS, the symbols "S-II(P)" and "SS(P)M a r e 
used. These symbols indicate that the requ i rements have been par t ia l ly 
satisfied but that additional tes t ing is required for the ESS. To provide con­
sistency in developing the tes t plan and visibil i ty to the reader , the ver i f ica ­
tion methods employed have been categor ized as follows: 

Category 1 —Verified by Engineering Analysis . This includes design 
and technical analyses of a less formal nature than computer p r o g r a m s . 
Also included a r e engineering studies such as compar ison of component 
cha r ac t e r i s t i c s and operat ional environment for qualification by 
s imi la r i ty . 
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Category 2 —Verified by Computer P r o g r a m or Math Model. This 
includes computer s imulat ions and noncomputer mathemat ica l model 
represen ta t ions of the flight ha rdware and i ts in terac t ions with the 
physical environment. These m o d e l s / p r o g r a m s a r e usually constructed 
at the subsys tem, combined s u b s y s t e m s , or vehicle level . 

Category 3 — Verified by Component Level Test ing. This includes 
test ing of individual components such as va lves , r egu la to r s , l ines , and 
black boxes. 

Category 4—Verified by Assembly Level Test ing. This includes test ing 
of individual a s sembl ie s or combinations of two or m o r e components 
from the same or different a s sembl i e s within a subsys tem. 

Category 5 —Verified by Subsystem Test ing. This includes test ing of 
the complete subsys tem or tes t ing that involves a combination of e l e ­
ments of the subsys tem. A subsys tem is defined as Level 5 of the WBS. 

Category 6 —Verified by Combined Subsystems Test ing. This includes 
test ing that involves elements from two or m o r e subsys tems where the 
purpose of tes t ing includes verif icat ion of in teract ion or interfaces of 
the subsys t ems . A typ i ca l example is the avionics/nonavionics tes t ing. 
Tests that include only ACTs or power /con t ro l cabling interfaces a r e 
not classif ied as combined subsys tems t e s t s . 

Category 7—Verified by Ground Test or Flight of the Vehicle. This 
includes t e s t s conducted in the mated mode or on s ingle-e lement mode 
during pre launch opera t ions , mated ascent , ESS ascent , or on-orbi t 
opera t ions . 

A t e s t logic and const ra int (TLC) network is developed from the tabula­
tion of cert i f icat ion requ i rements and implementat ion methods . The network 
(1) shows the level of test ing from components through flight vehicle , (2) p r e ­
sents the classif icat ion of test ing (i. e. , development, qualification, accept ­
ance), and (3) r ep re sen t s an init ial " top- leve l" subsys tem flow sequence. 
During Phase C/D, the network will be expanded to reflect detailed cons t ra in ts 
at all levels of tes t ing activity. Although included in the subsys tem sect ion, it 
is intended that the cert if icat ion r equ i r emen t s , the TLC network, and accom­
panying approach and rat ionale s u m m a r y cover the ent i re subsys tem spec t rum 
from component development through vehicle acceptance . Based on the con­
s t ra in t s and flow sequence establ ished in the TLC network, tes t a r t i c l e and 
subsys t em development schedules will be defined. The schedule and tes t 
a r t i c l e requ i rements will es tabl ish additional requ i rements for t es t facil i t ies 
and support equipment. The tes t a r t i c l e , faci l i t ies , support equipment, and 
requi red software will be tabulated for each subsys tem sect ion during Phase C. 
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These data can subsequently be utilized for development of in tegrated tes t 
p r o g r a m schedules and for p r o g r a m cost data. 

The manufacturing i n - p r o c e s s phase of acceptance test ing covered in 
the subsys tem sect ion consis ts of (1) c leanl iness verif ication and ex te rna l -
in ternal leak checks and (2) verif icat ion of wire ha rnes s instal lat ion consisting 
of bus isolation, insulation r e s i s t ance , and high potential and e lec t romagnet ic 
compatibility checkout. Component acceptance checkout will be a function of 
fabrication acceptance r equ i r emen t s . Subsystem installat ion will be func­
tionally verif ied to the extent nece s sa ry to detect installat ion anomal ies . 
Specific checkout pecul iar to each subsys tem is presented in the individual 
subsys tem sec t ions . 

5. 1. 1 Main Propuls ion Subsystem 

Subsystem Descript ion 

The main propulsion subsys tem (MPS) provides the second stage p r o ­
pulsion required to boost the vehicle into a t r ans fe r orbit of 66 by 100 nautical 
miles following separa t ion from the shuttle booster . The subsys tem includes 
all l ines , valving, etc. required to support main engine burn. It does not 
include the associa ted propel lant tankage which is p r i m a r y vehicle s t ruc tu re 
or the e lec t r i ca l controls and ins t rumenta t ion which a r e considered to be par t 
of the integrated avionics subsys tem. The MPS tes t plan does not include 
t e s t of the engines since they a r e GFE, but does include vehicle /engine in te ­
grat ion tes t ing. The MPS elements a r e shown in Figure 4-2 . The subsys tem 
is shown schemat ical ly by Figure 4 - 3 . 

The ESS main propulsion subsys tem employs two pump-fed engines 
burning LC>2 and LH2 at a nominal mix ture ratio of 6 to 1. The engines a r e 
in accordance with ICD 13M15000B. Each engine genera tes 632, 000 pounds 
of thrus t at al t i tude. The engines a r e equipped with a re t rac tab le nozzle 
which provides an expansion ratio of 150 to 1 when extended. 

Prope l lan ts a r e fed to the engines from the propellant tanks by vacuum-
jacketed feed ducts . Precondit ioning of the engine is accomplished by 
reci rcula t ing fuel and oxidizer through the feed ducts and engine back to the 
propellant tanks via the rec i rcu la t ion re tu rn l ines . The p r e s s u r e differential 
for flow is provided by motoring each engine LH2 boost pump with a smal l 
e lec t r ic motor and by natural convection augmented by hel ium-inject ion in 
the LO2 sys tem. A regulated hel ium supply is utilized for the n e c e s s a r y 
valve actuation. Helium from the hel ium injection supply will be used to 
charge the POGO suppress ion accumula tors mounted at each LO2 pump inlet . 
The propellant tanks will be filled and drained through individual s t age -
mounted LO2 and LH2 fill and dra in va lves . 
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The propel lant tanks a r e p r e p r e s s u r i z e d with hel ium on the ground. 
During main engine burn, tank p r e s s u r e is maintained by tapping GH2 and 
GO^ from the engines. GH2 is tapped off after being expanded through the 
th rus t chamber tubes ; GO^ is taken from the engine LO2 pump outlet and 
routed through an engine-supplied heat exchanger . Flow control is provided 
by stage or i f ices . Two vent and relief valves a re mounted in para l le l on 
each main propel lant tank. Ground-supplied helium will provide the n e c e s ­
sa ry valve actuation during propel lant loading opera t ions . The engines will 
be serv iced by a s tage-suppl ied hel ium bottle and regula tor in flight. A 
ground-supplied ni t rogen purge will also be used. The stage will provide a 
fuel pump dra in line and a hydraul ic power supply for the re t rac tab le nozzle. 

A hydraul ic engine actuation sys t em will gimbal the main engines for 
th rus t vec tor control (TVC). Subsequent to main engine burn the main 
propellant tanks will be safed by para l le l -mounted , ordnance-ac tua ted valves 
which allow the tanks to be vented through a nonpropulsive vent assembly . 

Following the ESS del ivery of payload, the main engines will be 
recovered . This will be accomplished by separa t ing the recoverab le com­
ponents with separab le bolts and then utilizing the shuttle o rb i te r for the 
recovery operat ion. Sealing disconnects will be instal led in the hydraul ic 
lines to prevent hydraul ic oil from contaminating the engines. 

Subsystem Tes t Requi rements 

The main propuls ion subsys tem tes t requ i rements a r e delineated in 
Table 4 - 3 . 

Approach and Rationale 

The MPS tes t logic and constra int network is given in F igure 4-4 . 
The MPS is significantly affected by the fact that the main propulsion engines 
a r e being developed and qualified for the space shuttle p rog ra m, and it is also 
anticipated that other shuttle components will be util ized on the ESS. Conse­
quently, the tes t approach is quite s imi l a r to the shutt le approach. 

Cert if icat ion of the MPS will begin at the component level where most 
components will be subjected to c r i t i ca l environments (cryogenic shock and 
vibration) and durabil i ty tes t ing to that extent required to a s s u r e a sufficiently 
high degree of success at the subassembly and as sembly level . Concurrent 
with component development, development breadboard a s sembl ie s of the 
p r e s su r i za t i on and propel lant dis tr ibut ion sys tems will be tes ted to a sce r t a in 
functional and dynamic response c ha ra c t e r i s t i c s at the assembly level before 
interfacing with the main propuls ion engine (MPE). 
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Table 4 - 3 . Main Propuls ion Subsystem Certification Requirements 

No. R e q u i r e m e n t 

C e r t i f i c a t i o n 
C a t e g o r y 

A. O P E R A T I O N A L R E Q U I R E M E N T S 

1. Ver i fy c o m p o n e n t a c c e s s i b i l i t y 

2. Ver i fy a b i l i t y of c o m p o n e n t s and en g in e to w i t h s t a n d a c o u s t i c and 
v i b r a t i o n 

3. Ver i fy a d e q u a c y of b a s e h e a t i n g t h e r m a l p r o t e c t i o n of c o m p o n e n t s 
and e n g i n e 

4. Ver i fy a b i l i t y of M P S to w i t h s t a n d boos t e n v i r o n m e n t 

5. Ver i fy a b i l i t y t o s t a r t e n g i n e s in b o o s t e n v i r o n m e n t 

6. Ver i fy a b i l i t y t o e n g a g e and d i s e n g a g e u m b i l i c a l s 

7. Ver i fy a b i l i t y t o l e a k t e s t 

8. Ver i fy a b i l i t y t o func t iona l t e s t 

9. Ver i fy a b i l i t y t o p u r g e and i n e r t 

X 

X 

X 

X 

X 

SH 

(P) 

su 
(P) 

sn 
(P) 

sn 
(P) 

SII 

(P) 

sn 
(P) 

sn 
(P) 

sn 
(P) 

ss 
(P) 

X 

ss 
(P) 

ss 
(P) 

X 

sn 
(P) 

sn 
[P) 

311 

P) 

NOTES 

X To be a c c o m p l i s h e d by ESS P r o g r a m 
S-II A c c o m p l i s h e d on S-U P r o g r a m 
S - n ( P ) P a r t i a l l y a c c o m p l i s h e d on S-II P r o g r a m 
SS To b e a c c o m p l i s h e d on t h e S p a c e Shu t t l e P r o g r a m 
SS(P) To be p a r t i a l l y a c c o m p l i s h e d on t h e S p a c e Shu t t l e P r o g r a m 
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Tab le 4 - 3 . Main P r o p u l s i o n S u b s y s t e m C e r t i f i c a t i o n R e q u i r e m e n t s (Cont) 

No. Requirement 

10. Verify MPS/GSE compatibili ty 

11. Verify capability to ex t end / r e t r ac t engine nozzle under flight loads 

12. Verify engine/s tage compatibili ty from 50 to 109% of th rus t 

13. Verify engine/s tage compatibili ty during 5. 5 to 6. 5 mixture ra t io 
excursion 

Cert i f icat ion 
Category 

A
n

al
y

si
s 

1 

X 

X 

X 

X 

C
o

m
p

u
te

r/
M

o
d

el
 

2 

C
o

m
p

o
n

en
t 

3 

A
ss

e
m

b
ly

 

4 

S
u

b
sy

st
em

 

5 

C
o

m
b

. 
S

u
b

sy
st

em
 

6 

o 

> 

7 

sn 
(P) 
ss 
(P) 

ss 
(P) 

X 

X 

B. PROPELLANT FEED ASSEMBLY REQUIREMENTS 

1. Verify ability to provide engine s t a r t NPSP requi rements 

2. Verify ability to monitor and maintain vacuum jacket conditions 

3'. Verify POGO suppress ion 

4. Verify tank isolation capability 

5. Verify ability to fill main tanks within 2-hour servicing t ime 

6. Verify ability to dra in tanks 

7. Verify capability of depletion cutoff to protec t engines 

8. Verify sat isfactory heat leak ra tes 

X 

X 

X 

sn 

sn 

X 

X 

SS 
(P) 

sn 
(P) 

SII 
(P) 

X 

SII 

SS 
[P) 

sn 
[P) 

sn 

sn 

X 

sn 
:P) 

ss 
;p) 
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Table 4 - 3 . Main Propulsion Subsystem Certification Requirements (Cont) 

No. Requirement 

Certification 
Category 

A
n

al
y

si
s 

1 

C
o

m
p

u
te

r 
/M

o
d

el
 

2 

C
o

m
p

o
n

en
t 

3 

A
ss

em
b

ly
 

4 

S
u

b
sy

st
em

 

5 

C
o

m
b

. 
S

u
b

sy
st

em
 

6 

F
li

g
h

t 
V

eh
ic

le
 

7 

C. PRESSURIZATION ASSEMBLY REQUIREMENTS 

1. Verify ability to meet engine mainstage NPSP requirements 

2. Verify capability of vent system to maintain tank pressure 

3. Verify prepressurization capability 

4. Verify vent system capability to vent tanks 

X 

sn 

sn 

sn 

X X 

sn 

SI] 

sn 

D. ENGINE SERVICING ASSEMBLY REQUIREMENTS 

1. Verify ability to supply in-flight helium at ICD pressure and 
flowrate 

2. Verify ability to vent fuel pumps without excess ive backpressure 

3. Verify GN2 purge supply adequacy 

4. Verify capability to fill/drain hydraulic fluid 

ss 
[P) 

X 

X 

X 

X SS 
(P) 

X 

ss 
(P) 

ss 
(P) 

E. THRUST VECTOR CONTROL ASSEMBLY REQUIREMENTS 

1. Verify ability to dry gimbal with sufficient clearance 

2. Verify engine alignment 

3. Verify capability to gimbal engines over angular rate and 
response range 

X
X

X
 

X X X
X

X
 

F. SAFING ASSEMBLY REQUIREMENTS 

1. Verify ability to safe the main propellant tanks sn 
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T a b l e 4 - 3 . Main P r o p u l s i o n S u b s y s t e m C e r t i f i c a t i o n R e q u i r e m e n t s (Cont) 

No. Requirement 

Certification 
Category 

G. ENGINE RECOVERY ASSEMBLY REQUIREMENTS 

1. Verify ability to sever all connections 

2. Verify manipulator arm/removal clearance 

X 
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Interface compatibil i ty of the propellant dis t r ibut ion and p res su r i za t ion 
sys tems with the MPE will be accomplished during development and qualifica­
tion test ing of the MPE by the MPE cont rac tor . Testing will be accomplished 
under sea - l eve l and s imula ted-a l t i tude conditions. Overal l MPS compatibility 
will initially be demons t ra ted during combined subsys tem test ing of the vehicle 
during pos t -manufactur ing checkout. Final MPS cert if icat ion will be achieved 
from the s ta t ic firing p r o g r a m on the first two vehic les . 

Support Requi rements 

The support requ i rements for the main propulsion subsys tem at the 
vehicle level a r e summar i zed in Section 8. 0 of this document. 

Support r equ i rement s will be l is ted for component development, accept­
ance, and qualification when components a re se lec ted and requi rements 
es tabl ished. These requ i rements will be satisfied by the component vendor 
ei ther at the vendor ' s facility or at a subcontracted labora tory . In-house 
component tes t ing will be accomplished in existing labora tory and tes t facil i­
t i es where only minor fixture changes would be requi red . 

For assembly tes t ing , two distinct tes t setups a r e needed. The devel­
opment tes t ing of the engine recovery assembly will requi re a facility where 
the recovery sy s t em panels can be set up, the separab le bolts fired, and 
separa t ion ver if ied. Support equipment will be min imal , consisting p r imar i l y 
of a mounting fixture and the e lect ronics neces sa ry to send a firing command. 

For acceptance test ing of the TVC, a breadboard setup (including pump 
dr ive and s imulated engine mass ) such as utilized on the Saturn S-II P r o g r a m 
will be needed. The t e s t fixture for the shuttle o rb i t e r TVC sys tem can be 
used with l i t t le or no modification. 

5. 1. 2 Auxiliary Propuls ion Subsystem 

Subsystem Descr ip t ion 

The auxi l iary propulsion subsys tem (APS) provides the capability for 
orbi ta l maneuvers and for roll control during boost with one main engine out. 
For the l ighter payloads , such as space tug or RNS, a s e r i a l burn of the OMS 
engines will achieve the p re sc r ibed orbit after boost with one main engine out. 
The APS may be divided into two basic e lements : orbi t maneuvering and a t t i ­
tude control . 

The orbit maneuver ing element supplies velocity increments neces sa ry 
for changing o rb i t s , rendezvous, and de-orb i t . Two engines, each developing 
10,000 pounds of th rus t , a r e used for orbit maneuver ing . The attitude control 
element provides p rope r atti tude during on-orbi t per iods when the main or 
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orbit maneuvering engines a r e not running, braking th rus t for rendezvous, 
and roll control with an engine out. Four teen t h r u s t e r s , each developing 
2100 pounds of th rus t , a r e used for att i tude control . 

The two orb i t -maneuver ing engines a r e mounted at Posi t ions II and IV 
with the th rus t chamber exit at the s ame station as the main propulsion 
engines. The engines burn LO2 and LH2 at a mixture rat io of 6 to 1 and 
del iver a nominal specific impulse of 454 seconds . The expansion ratio is 
255 to 1 and the nominal chamber p r e s s u r e is 800 psia . 

The 14 attitude control t h r u s t e r s a r e mounted on the moldline of the 
stage with 7 each at Posi t ions I and III. The 14 t h r u s t e r s a r e al located as 
follows: two for yaw, two for braking th rus t , two for longitudinal a c c e l e r a ­
tion, and eight for pitch and rol l . The la rge number of pitch and roll 
t h r u s t e r s is dictated by a one main engine out condition. The t h r u s t e r s burn 
gaseous oxygen and hydrogen at a mix ture rat io of 4 to 1 and del iver a 
nominal specific impulse of 425 seconds . The expansion ratio is 20 to 1 and 
the nominal chamber p r e s s u r e is 300 ps ia . 

The APS cryogenic propel lants a r e s tored in four s e r i e s - f ed LH2 tanks 
and an LO2 tank located inside the main engine thrus t cone. The propel lants 
a r e fed to a turbopump and gas genera to r package. 

The propel lants for the orbit maneuvering engines a r e fed direct ly from 
the turbopumps to each engine. In the attitude control mode, the propel lants 
a re fed from the turbopumps through heat exchangers into accumula to r s . The 
propellant is then fed to the t h r u s t e r s from the accumula to rs . The attitude 
control t h r u s t e r s may be fired in any combination selected by the GNfkC. 
The turbopumps do not opera te continuously during attitude control t h r u s t e r 
operat ion but only as requi red to maintain accumulator p r e s s u r e . 

The APS cryogenic propel lant tanks a r e p r e s su r i zed by tapping oxygen 
and hydrogen from the atti tude control accumula tors for p r e p r e s s u r i z a t i o n 
(the accumulators a re initially charged on the ground), and from the orbit 
maneuvering engines during steady s ta te operat ion. Flow control is provided 
by regu la to rs . LH^ from the APS tanks is flowed through coils around the 
feed ducts and turbopumps to mainta in subcooled liquid hydrogen and oxygen 
at the pump inlets at all t i m e s . To a s s u r e liquid at the tank outlet, propellant 
retention is provided by internal s c r e e n s . 

A hydraul ic actuation sys tem will gimbal the orbit maneuvering engines 
for TVC. Power for the hydraul ic pump will be provided by ba t t e r i e s . 

F igure 4-5 r e p r e s e n t s the APS e lements . The subsys tem is shown 
schematical ly in F igure 4-6 . 

4-33 
SD 71-140-5 



4*
. 

I 4>
-

P
R

O
P

E
L

L
A

N
T 

T
A

N
K

S 

- 
IN

S
U

LA
TI

O
N

 

- 
P

R
O

P
E

LL
A

N
T

 
R

E
TA

IN
E

R
S

 

- 
P

R
O

B
E

S
(C

A
P

A
C

r 

—
TA

N
K

S
 

-A
C

C
U

M
U

L
A

T
O

R
S

 

-T
H

E
R

M
O

 V
E

N
T

 

fA
N

 

P
R

O
P

E
LL

A
N

T
 

FE
E

D
 

C
 —

 L
IN

E
S

 

-V
A

L
V

E
S

 

E)
 

A
U

X
IL

IA
R

Y
 

P
R

O
P

U
LS

IO
N

 
SU

B
SY

ST
EM

 

P
R

E
S

S
U

R
IZ

A
TI

O
N

 
(A

N
D

 V
E

N
T

) 

—
 L

IN
E

S
 

—
 R

E
G

U
L

A
T

O
R

S 

—
 V

A
LV

E
S

 

—
 B

U
R

S
T

 D
IS

C
S

 

TU
R

B
O

P
U

M
P

 
PA

C
K

A
G

E
 

—
T

U
R

B
IN

E
S

 

—
 

P
U

M
P

S 

—
 G

A
S 

G
E

N
E

R
A

T
O

R
 

—
 L

IN
E

S
 

—
 V

A
LV

E
S

 

—
 H

E
A

T
 E

X
C

H
A

N
G

E
R

 

-I
G

N
IT

E
R

S
 

A
C

PS
 

TH
R

U
S

TE
R

S
 

-V
A

L
V

E
S

 

-T
H

R
U

S
T

 C
H

A
M

B
E

R
 

- 
IN

JE
C

TO
R

 

-I
G

N
IT

E
R

S
 

O
M

S
 

E
N

G
IN

E
S

 

-V
A

L
V

E
S

 

-T
H

R
U

S
T

 C
H

A
M

B
E

R
 

- 
IN

JE
C

TO
R

 

-I
G

N
IT

E
R

S
 

TH
R

U
S

T
 V

E
C

TO
R

 
C

O
N

TR
O

L
 

- 
A

C
T

U
A

T
O

R
S 

- 
P

U
M

P
/M

O
T

O
R

 

- 
LI

N
E

S
 

- 
V

A
LV

E
S

 

F
ig

u
re

 
4

-5
. 

A
u

x
il

ia
ry

 
P

ro
p

u
ls

io
n 

S
u

b
sy

st
em

 
E

le
m

en
ts

 



N
« 

>
 

F
ig

u
re

 
4

-6
. 

A
u

x
il

ia
ry

 
P

ro
p

u
ls

io
n 

S
u

b
sy

st
em

 
S

ch
em

at
ic

 



© 
Subsystem Test Requirements 

The auxi l iary propulsion subsys tem tes t requi rements a r e delineated 
in Table 4-4 . 

Approach and Rationale 

The approach and rat ionale for the auxil iary propulsion subsys tem 
development is shown by the APS tes t logic and constra int network 
(Figure 4-7), 

The tes t approach is dictated by the shuttle p r o g r a m as the ESS will 
ut i l ize the basic space shuttle components and a s s e m b l i e s . The ACPS 
t h r u s t e r s , OMS thrus t chamber s , gas gene ra to r s , va lves , r egu la to r s , and 
heat exchangers will be developed in the shuttle p rog ram. The ESS APS will 
r equ i re some development as the line and tank configurations will differ from 
the shut t le . The propellant retention device will be developed in the shuttle 
p r o g r a m . The changes required to adapt the subsys tem to ESS a r e not s ig ­
nificant enough to prec lude use of the space shuttle APS tes t facility for ESS 
tes t ing . 

Support Requirements 

The support requi rements for the APS certif ication a r e summar i zed in 
Section 8. 0 of this document. 

Support requi rements will be l is ted for component development, accept ­
ance , and qualification when components a r e se lected and requ i rements 
es tabl ished. 

These requ i rements will be satisfied by the component manufacturer 
e i ther at his facility or at a subcontracted labora tory . In-house component 
tes t ing will be accomplished in existing cont rac tor labora tory and tes t faci l i ­
t i es with only minor fixture changes requi red . Most component development 
and qualification will be accomplished on the Space Shuttle P r o g r a m . 

Assembly tes t ing will be accomplished on each hydraulic actuation s y s ­
t e m . The sys t em is accep tance- tes ted on a breadboard setup with a s imulated 
chamber m a s s . A tes t fixture will be required. Assembly test ing of the 
turbopump and GG package will be accomplished by the manufac turer . 

Subsystem tes t ing of an integrated ESS APS will be accomplished during 
development tes t ing. The tes t will be per formed on the shuttle APS tes t 
a r t i c l e . Some modification of the shuttle tes t a r t i c le will be required because 
of differences in the ESS and shuttle subsys tems . 
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Table 4-4 . Auxil iary Propuls ion Subsystem Certif ication Requirements 

No. 

1. 

2 . 

3 . 

4 . 

5. 

6. 

7. 

1. 

2 . 

3 . 

NOT 

'-. 

Requirement 

A. OPERATIONAL REQUIREMENTS 

Verify component accessibility 

Verify ability of subsystem to operate 

Verify capability to withstand vibration and acoustic effects from 
main propulsion operation 

Verify capability to withstand base heating environment 

Verify ability to withstand space environment 

Verify ability to leak and functional test 

Verify capability to purge and inert 

B. PROPELLANT FEED AND TANK ASSEMBLY REQUIRE 

Verify absence of coupling effect with structure and pump (pogo) 

Verify capability of propellant retention devices to maintain 
liquid at the pumps in zero g. 

Verify propellant tank structural capability to withstand flight 
environment 

ES 

X To be accomplished on ESS program 
SS To be accomplished on the space shuttle program 
SS(P) To be partially accomplished on the space shuttle program 

Certification 
Category 

co 

(0 

1 

<D 

0 

2 
u 
V -u 
3 
a 

a 
o 
U 2 

a 
a 
0 
a fi o 
O 
3 

£ 
4) 
en 
CO 

< 
4 

S 
0 
to 
(0 

XI 
3 

W 

5 

a 
to 

to 
Xt 
3 

a 
0 
U 
6 

13 
J3 

> 

—H 

7 

SS 
;p) 

X 

X 

X 

X 

X 

X 

SS 
(P) 

SS 
(P) 

SS 
(P) 

ss 
(P) 

ss 
(P) 

X 

X 

X 

SS 
P) 

SS 
(P) 

ss 
(P) 

X 

ss 
P) 

ss 
(P) 

ss 
(P) 

ss 
(P) 

ss 
(P) 

ss 
(P) 

MENTS 

X 

SS 
[P) 

X 

SS 
[P) 

X 

SS 
(P) 

X 

ss 
[P) 
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Table 4 -4 . Auxiliary Propuls ion Subsystem Cert if icat ion Requi rements (Cont) 

No. Requirement 

4. Verify ability to provide required conditions at pump inlets 

5. Verify ability to fill propellant tanks within 2-hour service time 

6. Verify ability to drain propellant tanks 

7. Verify capability to evacuate and monitor vacuum-jacketed lines 

8. Verify capability of thermo vent to vent only gas under zero g 
conditions <. 

Certification 
Category 

A
n

al
ys

is
 

1 

X 

X 

X 

X 

C
o

m
p

u
te

r/
M

o
d

el
 

2 

C
o

m
p

o
n

en
t 

3 

SS 
(P) 

SS 
(P) 

A
ss

e
m

b
ly

 

4 

S
u

b
sy

st
em

 

5 

X 

X 

X 

SS 
(P) 

SS 
(P) 

C
o

m
b

. 
S

u
b
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em
 

6 

F
li

g
h

t 
V

eh
ic

le
 

7 

X 

X 

X 

SS 
(P) 

SS 
(P) 

C. PRESSURIZATION ASSEMBLY REQUIREMENTS 

1. Verify ability to meet pump NPSH requirements 

2. Verify capability of vent system to maintain tank pressure 

3. Verify capability of prepressurization 

4. Verify ability to vent tanks 

5. Verify engine-out capability X
 

X
 

X
 

X
 

X
 

X 

X 

X 

SS 
[P) 

ss 
(P) 

ss 
(P) 

X 

ss 
IP) 

ss 
IP) 

ss 
(P) 

ss 
IP) 

X 

ss 
(P) 

D. THRUST VECTOR CONTROL ASSEMBLY 

1. 

2. 

3. 

Verify ability to dry gimbal with sufficient clearance 

Verify engine alignment 

Verify capability to gimbal engines over rate and response range 

X 

X 

X ss 
(P) 

SS 
(P) 

X 

X 

ss 
[P) 
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T a b l e 4 - 4 . A u x i l i a r y P r o p u l s i o n S u b s y s t e m C e r t i f i c a t i o n R e q u i r e m e 

No . R e q u i r e m e n t 

nt s (Cont) 

C e r t i f i c a t i o n 
C a t e g o r y 

A
n

a
ly

si
s 

1 

C
o

m
p

u
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r/
M

o
d

e
l 

2 

C
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m
p

o
n
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n

t 

3 

A
ss
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4 
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C
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. 
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st
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6 

F
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g
h

t 
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e
h
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7 

E . E N G I N E R E Q U I R E M E N T S 

1. Ver i fy c a p a b i l i t y t o d e l i v e r t h e r a t e d t h r u s t (10 , 000 pounds ) at 
m i n i m u m I s p ( 4 5 1 . 4 s e c o n d s ) 

2 . Ver i fy m u l t i p l e s t a r t and d u r a t i o n c a p a b i l i t y 

X 

X cn
 

cn
 

cn
 

cn
 

SS 

(P) 

SS 

(P) 

F . T H R U S T E R R E Q U I R E M E N T S 

1. Ver i fy c a p a b i l i t y t o d e l i v e r r a t e d t h r u s t (2 , 100 pounds ) a t 
m i n i m u m I s p (425 s e c o n d s ) 

2 . Ver i fy m u l t i p l e s t a r t ( p u l s e m o d e ) c a p a b i l i t y 

3 . Ver i fy c a p a b i l i t y t o d e l i v e r m i n i m u m i m p u l s e bi t (210 l b - s e c ) 

• 

X 

X 

X 

SS 

SS 

SS 

ss 
P) 

ss 
(P) 

ss 
(P) 

SS 

[P) 

SS 

(P) 

ss 
(P) 
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o 
5. 1. 3 St ruc tures Subsystem 

Descript ion 
The ESS s t ruc tu re cons is t s of five major subassembl ie s : a forward 

sk i r t , an LH2 tank, an LO2 tank, an aft sk i r t , and a thrus t s t ruc tu re (see 
(Figures 4 -8 and 4-9) . 

The forward ski r t s t r uc tu r e is of s k i n - s t r i n g e r - f r a m e construct ion 
extending from ESS Station 719 to Station 856. The ski r t s t ruc tu re includes 
a bolting flange and mating face at Station 856 for at tachment to the payloads . 
A support s t ruc tu re is provided at Station 828 for at tachment to the boos ter 
separa t ion sys tem. The sk i r t is subjected to aerodynamic and ine r t i a loads 
as well as internal cavity differential p r e s s u r e loads. The forward at tach 
point reac ts the radial load applied by the aerodynamic and iner t ia loads . 

The LH2 tank consis ts of a cyl indrical wall extending from Station 297 
to Station 723 and a forward bulkhead extending from Station 723 to Station 856. 
The tank wall incorpora tes in tegra l stiffening member s in both the longitudinal 
and c i rcumferent ia l d i rect ions to react the aerodynamic and iner t ia loads 
applied from the payload (see Figure 4-10). The ent i re tank wall is composed 
of five cyl indrical sect ions joined by c i rcumferent ia l fusion welds. Each 
cylinder section is made up of four equal panels joined by ver t i ca l fusion 
welds. Two fuel feed outlets a r e provided in the second cyl inder . The for­
ward bulkhead is fabricated of 12 equal gore segments with a 36-inch access 
door located in the center . It is joined to the tank wall by a c i rcumferen t ia l 
fusion weld. Skin gauges for both the tank wall and bulkhead a r e de te rmined 
from the in ternal tank p r e s s u r e . 

The LO2 tank is essent ia l ly a shell of revolution composed of a forward 
bulkhead assembly common to the LH2 tank and an aft bulkhead (see 
Figure 4-11). The common bulkhead is an adhesive-bonded sandwich a s s e m ­
bly employing facing sheets and f iberglass /phenol ic honeycomb co re . The 
forward facing sheet t e rmina t e s in the J - r i n g section welded to the LH2 tank 
wall. Waffle-stiffened gore sections a r e used in the aft facing to provide shell 
stabili ty under collapse p r e s s u r e s . In addition to the col lapse p r e s s u r e , the 
common bulkhead is designed to withstand the LO2 tank burs t p r e s s u r e . The 
aft LO2 bulkhead is made up of 12 waffle stiffened gore segments , a dol lar 
closeout, and the sump. An access door is provided in one of the gore panels 

, above the dol lar sect ion. The door, approximately 23 inches in d i ame te r , is 
attached by bolts to an in tegral land provided in the gore panel. The bulkhead 
must withstand the iner t ia head p r e s s u r e var ia t ions generated during the 
boost and burn phase. 
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The aft ski r t is a conventional semi-monocoque shel l s t ruc tu re 
extending from Station 41 to Station 283. The aft ski r t s t r uc tu r e at taches to 
the bolting ring at Station 283. The conical th rus t s t ruc tu re assembly is 
joined to the aft ski r t at Station 174. 5. Two a i r s t r e a m deflectors a re 
at tached to the aft sk i r t at Station 41 and extend aft to Station -30. The sk i r t 
s t r u c t u r e must t r an smi t the vehicle aerodynamic and iner t ia loads to two 
fittings extending aft from Station 174. 5 to Station 28. 

The ESS th rus t s t ruc tu re is a semi-monocoque shell a s sembly in the 
form of a conical f rustum extending from Station 44 to Station 174. 5 (see 
F igure 4-12). The p r i m a r y function of this assembly is to support the two 
shutt le o rb i te r engines and the i r assoc ia ted s y s t e m s . The conical shell also 
s e r v e s to support the five APS propellant tanks and the OMS engines. The 
th rus t s t ruc tu re is requi red to accept the loads assoc ia ted with th rus t from 
the two main engines including th rus t vector control . The s t r u c t u r e is 
designed to withstand the loads result ing from full deflection of the engine at 
emergency power levels and with one engine out. 

Requi rements 

The s t ruc tu ra l integri ty of the p r i m a r y s t ruc tu re will be es tabl ished by 
analysis and verif ied by t e s t s under a number of se lected c r i t i ca l load condi­
t ions . The s ta t ic t e s t verif icat ion requ i rements will include all of the 
requ i rements l is ted in Table 4 -5 . 

S t ruc tura l dynamic test ing involves e lements of the s t r u c t u r e , flight 
control , and propulsion s y s t e m s . The tes t specimens range from scaled 
models to the complete vehicle . The t e s t configuration definition is dependent 
upon the specific objectives to be sat isf ied. 

Approach and Rationale 

The s t ruc tu ra l and dynamic test ing p r o g r a m is a r r anged to provide 
t ime ly information and the support required for each phase of the design, 
fabricat ion, and analysis effort from m a t e r i a l select ion, manufacturing p r o c ­
ess optimization, to final s t ruc tu ra l design verif icat ion and end product 
acceptance . The s t ruc tu ra l and dynamic test ing p r o g r a m will include the 
following: ma te r i a l and p roces s tes t ing , s t ruc tu ra l development tes t ing, and 
acceptance , and qualification test ing as depicted in Figure 4 -13 . 

Mater ia l and p roces s test ing will be per formed as requi red to evaluate, 
c h a r a c t e r i z e , se lec t , and substant ia te the select ion of m a t e r i a l s ; and evaluate, 
c h a r a c t e r i z e , se lec t , and substant ia te the p rocess ing of m a t e r i a l s for use in 
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Table 4 - 5 . Structural Subsystem Certification Requirements 

No. Requirement 

Certification 
Category 

A
n

al
y

si
s 

1 

C
o

m
p

u
te

r/
M

o
d

el
 

2 

C
o

m
p

o
n

en
t 

3 

A
ss

e
m

b
ly

 

4 

S
u

b
sy

st
em

 

5 

C
o

m
b

. 
S

u
b

sy
st

em
 

6 

o 
IS 

7 

A. GENERAL TEST REQUIREMENTS 

1. Ability of the structure to sustain design (limit) loads with no 
detrimental deformation 

2. Ability of the pressure vesse l structure to sustain 1. 10 X design 
loads without yielding (0. 2 percent offset) 

3. Ability of the structure to sustain ultimate loads (design loads 
X F. S.) without rupture or collapse 

4. For structures which depend on non-destruction inspection for 
safe-l ife assurance, verify that the inspection techniques are 
adequate to detect critical defects 

5. Ability of the structure to withstand dynamic effects without 
impairing structural or functional adequacy 

6. Functional adequacy of all mechanical component support struc­
ture after complete life spectrum load history 

7. Extensional, shear, rotational, and bending stiffness of entire 
body structure 

8. Items 1 through 7 are to be verified under true or simulated 
environmental effects, where applicable (cryogenic or heat) 

X 

X 

X 

X 

X 

X X
X

X
 

X
X

X
 

SII 

X 

X 

sn 

X 

X 

X 

X 

X 

B. FORWARD SKIRT REQUIREMENTS 

1. Structural integrity and spring constants of the forward attach 
fittings and local support structure 

X X X 

NOTES 

X To be accomplished by ESS program 
SII Accomplished on S-II program 
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Table 4 - 5 . St ructura l Subsystem Certification Requirements (Cont) 

No. R e q u i r e m e n t 

2; Structural in tegr i ty of the forward s k i r t / p a y l o a d in ter face 

3. Structural in tegr i ty of the forward sk ir t under internal sk ir t 
pressure> internal tank p r e s s u r e , i n e r t i a l l o a d s , and t h e r m a l 
environment 

4. Structural in tegr i ty of the s k i r t / t a n k joint under c r i t i c a l a e r o ­
dynamic iner t ia l and p r e s s u r e loads 

C e r t i f i c a t i o n 
C a teg o ry 

A
n

al
y

si
s 

1 

X 

X 

C
o

m
p

u
te

r/
M

o
d

el
 

2 

X 

X 

X 

C
o

m
p

o
n

en
t 

3 

X 

X 

A
ss

em
b

ly
 

4 

S
u

b
sy

st
em

 

5 

X 

X 

X 

C
o

m
b

. 
S

u
b

sy
st

em
 

6 

F
li

g
h

t 
V

eh
ic

le
 

7 

C. L H 2 TANK REQUIREMENTS 

1. Structural in tegr i ty of the LH2 tank with forward sk ir t under 
cr i t i ca l a e r o d y n a m i c , i n e r t i a l , TPS , and in terna l p r e s s u r e 

2. Abi l i ty of the LH2 tank to withstand m a x i m u m d e s i g n internal 
p r e s s u r e after sus ta in ing c o m p l e t e l i fe s p e c t r u m loading 

3. Structural in tegr i ty of the feed l ine e lbows under c r i t i c a l internal 
p r e s s u r e s 

4. Abi l i ty of the LH2 tank to withstand proof p r e s s u r e 

5. Structural in tegr i ty of the LH2 tank with LC*2 tank and aft sk ir t 
under c r i t i c a l a e r o d y n a m i c , i n e r t i a l , and o ther p r e s s u r e s 

X 

SU 

X 

X 

X 

X 

X 

sn 

X 

X 

sn 

D. L 0 2 TANK REQUIREMENTS 

1. Structural in tegr i ty of the LO2 tank with the LH2 tank and aft 
skirt under c r i t i c a l a e r o d y n a m i c , i n e r t i a l , and internal p r e s s u r e 

2 . Structural in tegr i ty of the sump under c r i t i c a l in ternal p r e s s u r e 

3. Abi l i ty of the LC*2 tank to withstand d e s i g n internal p r e s s u r e after 
susta ining c o m p l e t e l i fe s p e c t r u m loading 

4. Abi l i ty of the LO2 tank to wi ths tand proof p r e s s u r e 

5. Structural in tegr i ty of the c o m m o n bulkhead under c r i t i c a l burst 
and c o l l a p s e p r e s s u r e 

X 

X 

SU 

sn 

X 

X 

X 

sn 

sn 

sn 
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No. 

T a b l e 4 - 5 . S t r u c t u r a l S u b s y s t e m C e r t i f i c a t i o n R e q u i r e m e n t s 

Requirement 

(Cont) 

Certification 
Category 

A
n

al
y

si
s 

1 

C
o

m
p

u
te

r/
M

o
d

el
 

2 

C
o

m
p

o
n

en
t 

3 

A
ss

e
m

b
ly

 

4 

S
u

b
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5 

C
o

m
b

. 
S

u
b
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em
 

6 

F
li

g
h

t 
V
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le
 

7 

E. AFT SKIRT REQUIREMENTS 

1. Structural integrity and spring constants of the aft attach fittings 
and local attach structure 

2. Structural integrity of the aft skirt under critical aerodynamic 
inertial and thermal environment 

3. Structural integrity of the aft skirt with the thrust structure under 
critical engine loadings and thermal environment 

4. Structural integrity and spring constants of the aft skirt/docking 
adapter structure 

X
 

X
X

 
X

 X
 

X
 

X
 

X
 

X 

X 

X 

X 

F. THRUST STRUCTURE REQUIREMENTS 

1. 

2. 

Structural integrity and spring constants under critical engine 
thrust loads and thermal environment 

Structural integrity and spring constants of OMS engine support 
structure 

X 

X 

X X 

X 

4-50 

SD 7 1 - 1 4 0 - 5 



ACCEPTANCE QUALIFICATION 

^
^

^
^ 

L
E

V
E

L
 

P
H

A
S

E
 

^
"

^
-v

^
^

^ 

D
E

V
E

L
O

P
M

E
N

T
 

F
U

N
C

T
IO

N
A

L
 

E
N

V
IR

O
N

M
E

N
T

A
L

 

T
E

S
T

 

A
N

A
L

Y
S

IS
 

C
H

E
C

K
O

U
T

 

C
O

M
P

O
N

E
N

T
 

M
A

T
E

R
IA

L
 A

N
D

 
P

R
O

C
E

S
S

 
D

E
V

E
L

O
P

M
E

N
T

 

i 
C

O
M

P
O

N
E

N
T

 
D

E
V

E
L

O
P

M
E

N
T

 

P
A

N
E

L
S

, 
F

IT
T

IN
G

S
, 

T
R

U
S

S
E

S
, S

E
A

L
S

 

W
 

-w
 

-w
 

A
S

S
E

M
B

L
Y

 

L
0

2 
T

A
N

K
 

L
H

2
T

A
N

K
 

T
H

R
U

S
T

 
S

T
R

U
C

T
U

R
E

 

L
0

2
T

A
N

K
 

L
H

2
T

A
N

K
 

«
-

S
U

B
S

Y
S

T
E

M
 

. .
 

T
A

N
K

 
S

T
R

U
C

T
U

R
E

 

I 
< 

r 
i 
' 

C
O

M
P

L
E

T
E

 B
O

D
Y

 

f 
i 

i 

C
O

M
B

IN
E

D
 S

U
B

S
Y

S
T

E
M

 
F

L
IG

H
T

 V
E

H
IC

L
E

 

fc
f 

O
P

E
R

A
T

"
~

>
N

A
I 

> J 
©

 

P
^

ir
e 

4
-1

3
. 

S
tr

uo
tv

i'-
'"

* 
T

es
t 

L
o

g
ic

 
an

d 
C

o
n

st
ra

in
t 

N
et

w
o

rk
 



© 
the s t r u c t u r a l subsys tem. Areas to be investigated (applicable to this 
subsys tem) include the following: 

1. The ability of s ea l s , sea lan t s , lubr icants , and g r e a s e ma te r i a l s 
to function under miss ion requ i rements for t e m p e r a t u r e , p r e s s u r e , 
loads , and exposure t ime 

2. The flammabili ty, toxicity, smokabil i ty, and outgassing c h a r a c t e r ­
i s t ics of candidate ma te r i a l s 

3. Pe r fo rmance of t he rma l control coatings under boost exposure 

4. Compatibil i ty of m a t e r i a l s in contact with each other in environ­
ments which may resul t in degradat ion in p roper t i e s 

5. Effects on s t ruc tu re sys t em of co r ros ion with regard to useful life 
of candidate ma te r i a l s 

6. Optimization of special welding techniques verif ied by mechanical 
and non-des t ruc t ive t e s t s 

7. Fabr ica t ion techniques for producing ext remely l a rge , integral ly 
reinforced and contoured tank panels and contoured J rings 

8. F r a c t u r e mechanics design data to predic t the c r i t i ca l flaw size 
and flaw growth under sustained and cyclic loading for s t ruc tu ra l 
ma te r i a l s 

9- Phys ica l and mechanical p roper t i e s of ESS ma te r i a l s which have 
not been previously establ ished 

10. Joining methods for candidate alloys for ESS s t ruc tu ra l and 
t h e r m a l requi rements 

11. Development, design, fabricat ion, and verif icat ion of an external 
insulation for the ESS the rma l protect ion sys tem 

12. Demonstra t ion of t h e r m a l pe r fo rmance , s t ruc tu ra l integri ty, and 
ma te r i a l s compatibil i ty of orbit maneuvering cryogenic tankage 
insulation. 

S t ruc tura l development test ing will be per formed to provide tes t data 
on c r i t i ca l o r difficult to analyze a r e a s ear ly in the p r o g r a m . This will p r o ­
vide knowledge of in ternal load dis t r ibut ion in configuration complexity, load 
path redundancy, o r high load diss ipat ion. This ear ly test ing will aid in 
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minimizing weight and reduce the r i sk of p r e m a t u r e fai lure of the major 
s t ruc tu ra l t es t a r t i c l e s . Major development t es t a r e a s include: 

1. Booster attach fittings and load diffusion s t ruc tu re 

2. Heat shield/f lex cur ta in at tachment to support s t ruc tu re . 

Acceptance tes t ing, p r i m a r i l y of the p r e s s u r i z e d s t ruc tu re , is designed 
to demons t ra te the flight worthiness of each del ivered a r t i c l e . By p r e s s u r i z ­
ing the s t ruc tu re sufficiently in excess of the maximum limit (or operational) 
design p r e s s u r e , the successful completion of the tes t and subsequent non­
destruct ive inspection will give the requi red high confidence in the capabili ty 
of the s t ruc tu re to undergo the required life spec t rum loading without com­
promise to miss ion r equ i remen t s . 

Acceptance testing will include the following: 

1. LH2 tank acceptance test ing will consist of bulkhead and feedline 
elbow hydrosta t ic proof test ing plus pneumasta t ic proof tes t ing of 
the vehicle p r io r to sys t ems instal lat ion. Tes ts will be conducted 
at room t empera tu re with p r e s s u r e s adjusted for m a t e r i a l p roper ty 
differences between tes t and operat ional t e m p e r a t u r e s . 

2. LO2 tank acceptance test ing will consist of hydrosta t ic proof t e s t s 
of the aft bulkhead and aft facing sheet of the common bulkhead 
plus pneumasta t ic proof t e s t s of the complete tank assembled with 
the vehicle. The forward facing sheet of the common bulkhead will 
be subjected to low p r e s s u r e helium leak t e s t s . The common bulk­
head acceptance t e s t s a lso will include a vacuum decay tes t p r io r 
to mating with the aft bulkhead, burs t and collapse proof t e s t s 
during the full-stage pneumasta t ic tes t , and a helium purge check. 

3. The completed stage acceptance t e s t s will consist of c i r cumferen­
t ia l rotat ion tes t s to detect loose pa r t i c l e s that may r ema in after 
final assembly . Acceptance tes t r equ i r emen t s a r e summar ized in 
Table 4 -6 . 

Qualification testing will demons t ra t e the vehicle s t ruc tu ra l integri ty 
and compliance with design c r i t e r i a by test ing under the most c r i t ica l load 
and environmental conditions. Safe-life capability of the LH2 and LO2 tanks 
will be certified by subjecting the s t ruc tu re to p r e s s u r e - c y c l i n g before ul t i ­
mate load application. 

The sequence of testing and the select ion of tes t a r t ic le configuration is 
designed to gain the most c r i t i ca l information as soon as possible while 
attempting to minimize p rog ram r i s k and test ing cos ts . Maximization of S-II 
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Table 4 -6 . St ructura l Subsystem Acceptance Checkout Requirements 

No. Requirement 

1. LH2 tank forward bulkhead hydrostat ic proof t e s t s 

2. LH2 feedline elbow hydrostat ic proof t e s t s 

3. LH2 tank pneumasta t ic proof t e s t s 

4. LO2 tank aft bulkhead hydrostat ic t e s t s 

5. Common bulkhead aft facing sheet hydrostat ic proof t e s t s 

6. LO2 tank pneumasta t ic proof t e s t s (burst and collapse common 
bulkhead) 

7. Common bulkhead forward facing sheet helium leak t e s t s 

8. Common bulkhead/J r ing helium purge check 

9. Complete vehicle c i rcumferent ia l rotat ion t e s t s 

Cert if icat ion 
Category 

X 

•j 

o 

-C 
IB 

4 - 5 4 
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© 
experience and data accumulated on the S-II full scale , common bulkhead 
test tank (CBTT), and the m i n i - a r t i c l e s great ly d e c r e a s e s the s t ruc tu ra l 
test ing and tes t a r t i c l e r e q u i r e m e n t s . The most significant dec rea se in 
test ing r e su l t s from the use of LH2 ra the r than LN2 in the LH2 tank during 
the initial cryogenic t e s t s . v 

It is highly des i r ab le that the major vehicle s t ruc tu re be tes ted in the 
ver t i ca l position to facili tate s imulat ion of propellant acce le ra t ion forces . 
The test a r t i c le must be suspended from the booster a t tach fittings to main­
tain s t ruc tu ra l continuity and duplicate flight ha rdware load diffusion cha rac ­
t e r i s t i c s in these highly loaded reg ions . A segment of the payload aft skir t 
s t ruc ture or the tug t rans i t ion cone must be attached to the forward skir t to 
duplicate the in terna l load dis t r ibut ion. The resul t ing configuration is a test 
a r t ic le that is more than 75 feet in height. 

The thrus t s t ruc tu re a s sembly will be tested with the aft skir t to reduce 
tes t complexity and minimize ca tas t rophic failure potential . 

The following l is t defines the tes t a r t i c l e s and test ing requi red for 
qualification: 

1. Fo rward sk i r t , tank s t ruc tu re , and aft skir t sect ions contained in 
Art ic le A (see Table 4-6 and Figure 4-14). This tes t will be con­
ducted in the ve r t i ca l position supported at the booster at tach 
fittings. The LH2 tank will be filled with LH2 and the LO2 tank 
filled with LN2 to duplicate operat ional t e m p e r a t u r e s . Forward 
and aft skir t t e m p e r a t u r e s will be duplicated with bonded s t r ip 
hea te r s or heat l amps . Influence coefficient t e s t s will provide 
verif ication of analyt ical stiffness ma t r i ce s for the ESS body 
s t ruc tu re and booster a t tach fittings. The body s t ruc tu re will be 
loaded to l imit load followed by an ult imate load t e s t for al l c r i t i ­
cal load conditions. Ult imate p r e s s u r e t e s t s of the LH2 and LO2 
tank will not be r equ i red because of verif ication on the S-II 
P r o g r a m . 

2. Thrus t s t r u c t u r e , aft sk i r t , and OMS engine support a re contained 
in Art ic le B (see Table 4-6 and Figure 4-15). Testing on this 
specimen may be conducted in either the ve r t i ca l upright position 
or inver ted, depending on tes t facility selection. In addition to the 
verif icat ion of s t ruc tu ra l integri ty , the objectives of this tes t a r e 
(1) de te rmine the s t r e s s and deflection influences of individual 
engine and actuator loads , (2) de te rmine requi red precant angle of 
the orb i te r engines caused by s t ruc tu ra l deflections, (3) verify the 
analyt ical methods used to predic t s t r e s s levels and deflections, 
and (4) de te rmine the effect of load peaking at the s t ruc tu ra l 
in te r faces . 
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TEST STRUCTURE 

(S-IC STATIC TEST TOWER) 

WAGON WHEEL 

SHEAR LOAD 

FWD BOOSTER 
ATTACH FITTING 

AFT BOOSTER 
ATTACH FITTING 

FORWARD 
SKIRT 

LH2 TANK 

BOLTING 
RING 

Figure 4-14 . Static Test Setup 
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Figure 4 -15 . Thrus t St ructure Tes t Setup 
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It will be requ i red to duplicate the operat ional t h e r m a l environment 
during the ul t imate tes t conditions. Testing will be conducted in three 
phases : influence, l imit load, and ul t imate load. During the influence phase 
tes t ing, t e s t s will be conducted to de te rmine engine at tach and actuator 
a t tach influence coefficients and the t h e r m a l s t r e s s e s generated by the oper ­
at ional environment. The next phase will apply all of the tes t load conditions 
to l imit load. The final phase will see selected cr i t ica l load conditions taken 
to the ul t imate level with the t he rma l environment. Additionally, c r i t i ca l 
components or a t tach fittings such as the APS tank supports or OMS engine 
a t tachments will be tes ted on this specimen. 

S t ruc tura l dynamic t e s t s a r e performed to satisfy severa l object ives, 
i. e. , provide design envi ronments , provide data for analyt ical modeling, 
confirm r e su l t s of analyt ical s tudies , confirm s t ruc tura l and functional 
integri ty , and verify that no adverse coupling exists between the s t r u c t u r e / 
flight cont ro l /propuls ion sys tems which could impair s t ruc tu ra l integri ty or 
pe r fo rmance . The ESS s t ruc tu ra l dynamic tes t r equ i remen t s a r e intended to 
maximize the use of information gained on the Saturn S-II p r o g r a m and that 
which will be generated as a par t of the space shuttle p rog ram. The follow­
ing d iscuss ion ca tegor izes the var ious e lements required to adequately define 
the s t ruc tu ra l dynamic behavior of the ESS, and the means that will be 
employed to acquire the definition. 

S t ruc tura l Modes 

The s t ruc tu ra l modes of vibration a r e required for the formulation of 
vehicle body loads, component and component support design, and de t e rmina ­
tion of pogo susceptibi l i ty. Since the pogo phenomenon is a coupling of the 
s t ruc tu re and propulsion sys t ems , it is neces sa ry to define the feedline and 
engine dynamics . 

The resolut ion of the Saturn S-II pogo problem resul ted in a high 
degree of confidence in the ability to construct a mathemat ica l model of the 
s t ruc tu re so that r ep resen ta t ive s t ruc tu ra l modes of vibration a r e obtained. 
This was achieved by represen t ing the dry s t ruc ture by a s e r i e s of spr ings 
and m a s s e s ; finite element modeling was used for the thrus t s t ruc tu re and 
the bulkheads were r ep resen ted as an ax i symmet r i c hydroelas t ic model. 
The cha rac t e r i s t i c s of the overal l model were verified by stat ic f i r ings, 
specia l ground t e s t s involving LO2 tank dynamic behavior , and flight r e s u l t s . 

For ESS design, it is planned to util ize the analyt ical modeling tech­
niques developed on the S-II p rog ram to define the modes of the booster and 
ESS. The dynamic cha rac t e r i s t i c s of the attached sys tem will be analytically 
de te rmined and the coupled ESS/booster modes of vibrat ion will be d e t e r ­
mined by component mode synthes is . It is not planned to conduct any special 
ver if icat ion t e s t s which a r e solely ESS oriented; r a the r , it is planned to 
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extrapolate from the model and full scale t e s t s to be conducted as a par t of 
the regular space shuttle p rog ram. Modes generated in this fashion will be 
used to de te rmine vehicle loads for prelaunch, launch r e l e a s e , rebound, 
boost, separat ion, and ESS boost . 

Pogo 

The study of the pogo phenomenon will be l imited to the ESS MPS burn 
period. The modeling of the s t ruc tu re will be accomplished as previously 
outlined. It is planned to use the stiffness cha rac t e r i s t i c s obtained from the 
stat ic t e s t s of the modified ESS thrus t s t ruc tu re to par t ia l ly verify the 
modeling used for that s t ruc tu re . The LO2 feedline dynamics will be d e t e r ­
mined by analysis using finite element techniques. The engine t ransfer func­
tion and pump terminat ion impedance will be considered the responsibi l i ty of 
the engine contractor to be furnished by NASA. This technique, when coupled 
with the knowledge gained on the S-II p r o g r a m , is considered adequate for 
defining ESS pogo susceptibil i ty. The stat ic firings will be used to verify, in 
par t , the s t ruc tu re / feed l ine /eng ine interact ion. This will r equ i r e adequate 
low-frequency, close-coupled ins t rumenta t ion. Therefore , no special t e s t s 
re la ted to ESS pogo a r e planned other than those requi red by the engine con­
t r ac to r to define the engine t ransfer function and pump terminat ion 
impedance. 

Component Support 

Initial component design and associa ted support s t ruc tu re will be based 
on analytical models . The complexity of the model , e. g. , s imple spring 
m a s s system or finite element techniques, will be dependent upon the type 
of s t ruc ture involved. The adequacy of design will be verified by qualifica­
tion test ing of those components designated as Cri t ical i ty I. The nature of 
these t e s t s will be dependent upon the component; however, tes t specimen 
size could range from the component level to the thrus t s t ruc tu re with the 
mass ive APS tanks attached. The la t ter will be s imi lar to the high force tes t 
p rog ram, with the tes t verifying s t ruc tu r a l integri ty in the low-frequency 
reg ime . For those components which a r e c a r r y o v e r s from the S-II p rog ram, 
it is planned to l imit any r e t e s t to those i t ems for which a change in environ­
ment can possibly impair the original qualification status of the i tem. 

Acoustic and Vibration Environmental Definition 

The s t ruc tu ra l response caused by rocket engine noise, boundary layer 
noise, and in ter ference effects will initially be determined by extrapolation 
techniques utilizing data from pr ior p r o g r a m s . It is planned to use c lus tered 
engine fir ings, s tat ic f i r ings, and flight data which a r e generated as a par t 
of the space shuttle p rogram to verify the predicted rocket engine noise level 
for the ESS. The aerodynamic boundary layer noise will be determined by 
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extrapolat ion from previous p r o g r a m s with the wind tunnel t e s t s and flight 
p r o g r a m of the space shuttle p rog ram and ESS p r o g r a m as a bas is for ver i f i ­
cation. The in te r ference effects introduced by the proximity of the two bodies 
will initially be de termined by analyt ical and extrapolat ion techniques. The 
wind tunnel t e s t s , a pa r t of the space shuttle p r o g r a m , will provide the bas i s 
for modifying the predicted environment. The s t ruc tu ra l response to the 
s eve ra l sou rces of noise excitation will initially be de te rmined by analyt ical 
and extrapolat ion techniques. 

The knowledge gained on the S-II p r o g r a m and the t e s t s planned for the 
space shuttle p r o g r a m a r e considered sufficient to obtain a definition of the 
ESS noise environment; therefore , no special t e s t s unique to the ESS a r e 
planned for this purpose . 

S t ruc tura l dynamic tes t r equ i r emen t s a r e l is ted in Table 4-7 . The 
r equ i r emen t s a r e based on the assumption that considerable information can 
be ext rac ted from the space shuttle p r o g r a m and be applied to the ESS p r o ­
g r a m , therefore eliminating dual tes t r e q u i r e m e n t s . 

Test ha rdware r equ i r emen t s a r e summar ized in Table 4-8 and tes t 
support r equ i r emen t s a r e listed in Table 4 -9 . 
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Table 4 -7 . St ructura l Subsystem Dynamic Certification Requirements 

No. R e q u i r e m e n t 

C e r t i f i c a t i o n 
C a t e g o r y 

A. S T R U C T U R A L DYNAMIC T E S T S 

1. S t r u c t u r a l m o d e s 

2. F e e d l i n e d y n a m i c s 

3 . E n g i n e t r a n s f e r func t ions 

4 . V i b r a t i o n and a c o u s t i c e n v i r o n m e n t 

5. C o m p o n e n t and c o m p o n e n t s u p p o r t d e s i g n 

X 
SIllSII 
P ) ( P ) 

X 

X 

sm 

GF 

X 
SI] 
P ) ( P ) 

X 

sm 
[P) (P) 

X SS 
SII P ) 

SS 
kp)Kp)j(p)| 

X 

KP) 
SS 

G F 
( E 
F) 

; p ) ( p ) 

X 
[P 
SS 

X 

KP) 
SS 

( P ) ( P ) ( P ' 
SS 

( P ) ( P ) ( P 

( P ) ( P 

SS 

N O T E S 

X To b e a c c o m p l i s h e d on ESS p r o g r a m 
X(P) To be p a r t i a l l y a c c o m p l i s h e d on ESS p r o g r a m 
SII A c c o m p l i s h e d on S-II p r o g r a m 
SII(P) P a r t i a l l y a c c o m p l i s h e d on S-II p r o g r a m 
SS To b e a c c o m p l i s h e d on s p a c e s h u t t l e p r o g r a m 
SS(P) T o b e p a r t i a l l y a c c o m p l i s h e d on s p a c e s h u t t l e p r o g r a m 
G F G o v e r n m e n t f u r n i s h e d 
G F ( E F ) G o v e r n m e n t f u r n i s h e d e n g i n e f i r i n g d a t a 
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Table 4 - 8 . Test Hardware Requi rements S t ruc tu ra l Subsystem 

No. 

A 

B 

C 

Test Art icle Descr ipt ion 

Fo rward skir t , LH2 tank, LO2 
tank, aft ski r t , and approxi ­
mately six feet of payload ski r t 
s t ruc tu re 

Aft skir t , thrus t s t ruc tu re and 
OMS support s t ruc tu re , docking 
adapter s t ruc ture , OMS tanks 
or dummy represen ta t ion may 
be mounted to the thrus t s t r u c ­
tu re for dynamic t e s t s 

Required support b racke t ry for 
above specimens TBD, 
dependent upon qualification 
p rogram tes t r equ i r emen t s 

Quantity 

1 

1 
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Table 4-9- Requi rements St ructura l Tes ts 

Faci l i t ies 

S t ruc tura l tes t labora tory 

LH2 tes t stand for body s t ruc tu re 

LN2 s to r age / t r ans f e r equipment 

LH2 s to r age / t r ans f e r equipment 

Helium s to r age / t r ans f e r equipment 

E lec t r i ca l power - 60 Hz, 3 0 , 120 v, 440 v, 28 vdc 

Mater ia l s labora tory 

Vibration facility - up to 400, 000 force capability 

Hydraulic power supply 

Acoustic tes t facility - 75,000 to 100,000 cubic-foot chamber 

Support Equipment 

Miscel laneous load application devices (for var ious s ize , shape 
specimens - tension, tors ion, compress ion) 

Miscel laneous environmental test equipment 

Heat application devices 

Load, s t ra in , t e m p e r a t u r e , vibrat ion, microphone m e a s u r i n g / 
recording sys tems 

Data acquisi t ion sys t ems 

Capability for computer-contro l led tes t and data acquisi t ion 

Software 

P r o g r a m s to implement data acquisi t ion, p rocess ing , r ecord ing , 
data evaluation 
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5. 1. 4 Insulation 
Descr ip t ion 

The ESS insulat ion sys tem consis ts of spray foam or other fragile 
insulat ion m a t e r i a l , a shingled a e r o - s h e a r b a r r i e r , and ablative coatings. 

Spray foam is applied over the ent i re LH2 tank sidewall and forward 
LH2 bulkhead to mainta in minimum heat leak for the cryogens during ground 
hold and launch. P ro tec t ion of the spray foam on the LH2 tank sidewall is 
provided by a e r o - s h e a r b a r r i e r s . These a e r o - s h e a r b a r r i e r s a r e approxi­
mately 5 feet by 5 feet square honeycomb panels with polyimide facing 
sheets (Figure 4-16) . The panels a r e sized to allow reasonab le gapping at 
the edges (about 0. 5 inch) and shiplapped for a smooth outer surface. The 
b a r r i e r panels a r e bolted through the spray foam into local hard spots on 
the tank sidewall . 

Local hot-spot protect ion is provided by an ablative coating in the 
c r i t i ca l reg ions . 

Requi rements 

The integri ty of the spray-on foam insulation (SOFI) t h e r m a l protect ion 
sys tem will be es tabl ished by analys is ; however, p r ec i s e acous t ic , flutter, 
and shock wave analys is a r e present ly beyond the analys is s t a t e -o f - the -a r t 
and will r equ i r e confirmation by tes t ing. The test verif icat ion requ i rement s 
will include al l of the i t ems l isted in Table 4-10. 

Approach and Rationale 

The approach to the development p rog ram is to per form influence 
coefficient development tes t ing on a full scale 66-inch panel to determine 
edge fixity effects of single-point panel a t tachments . These data a r e then 
used to modify the flutter computer p r o g r a m which is in tu rn used to analyt­
ically size the panel mounting bolt pa t te rn to meet flutter r e q u i r e m e n t s . 
F r o m process ing and m a t e r i a l s p rope r t i e s monos t ra in data, the panel is 
analytically sized to withstand altitude p r e s s u r e bleed-off and mechanica l 
vibrat ion loads at elevated t e m p e r a t u r e s . Tes ts will then be performed to 
de te rmine optimum process ing ; and four ful l -scale panels will be fabricated 
for t e s t s . The panels will be subjected to mechanical vibrat ion, p r e s s u r e 
bleed-off loads , acous t ic excitation, t ransonic wind-tunnel flutter and shock 
t e s t s and environmental exposure . The successful completion of these tes t s 
will verify the panel design. F igure 4-17 r e p r e s e n t s the insulation tes t logic 
and const ra int network. 
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Figure 4-16. Insulation Eros ion B a r r i e r Installation 
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Table 4-10. Insulation Subsystem Certif ication Requirements 

N o . Requirement 

Certif ication 
Category 

IB 
<U 

H 
<u 
u 
a 
m 
to 
o 
u 
ft 

1. Ability to withstand in ternal burs t p r e s s u r e due to alt i tude 
change 

2. Ability to withstand aerodynamic erosion during ea r th to 
orbit launch 

3. Ability not to flutter during ea r th to orbit boost 

4. Ability to withstand shock wave p r e s s u r e front during 
boost 

Ability to withstand aerodynamic t empe ra tu r e heating 
profile during boost 

Ability to withstand acoust ic sound p r e s s u r e levels from 
engine firing and aerodynamic flow 

Ability to withstand mechanical vibrat ion from engine 
firings 

X X 

X 

X 

X 

X 
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The following tes t p r o g r a m will be per formed to demons t ra te the flight 

adequacy of ful l -scale panels when subjected to s imulated flight environment. 

1. Four ful l -scale polyimide panels and two t i tanium panels will be 
tes ted in a supersonic wind tunnel to compare the flutter tes t data 
to analys is and to certify design adequacy or provide data for 
design modification. The aerodynamic flow in this tes t will be 
controlled to provide uninterrupted flow over the panel. 

2. The panels tested above will be subjected to a r ep resen ta t ive 
aerodynamic shock wave profile r a the r than uninterrupted flow to 
de te rmine panel response in a pro tuberance region of the stage. 
This tes t is to be accomplished as a follow-on to the flutter tes t 
to de te rmine whether shock waves will induce flutter. 

Successful completion of the t e s t s will certify the panels ' adequacy 
to withstand the aerodynamic boost shock profile. 

3. Altitude p r e s s u r e bleed-off t e s t s will be per formed on a ful l-scale 
panel to de te rmine the p r e s s u r e decay ra t e through the panel and 
around the overlapping edges. Data from this tes t will be used to 
calculate the burs t p r e s s u r e t ime his tory profile during launch to 
aid the s t ruc tu ra l sizing of the a e r o - s h e a r b a r r i e r . 

4. Acoustic sound p r e s s u r e t e s t s will be performed on two ful l-scale 
polyimide panels and two ful l-scale t i tanium panels . The test will 
be per formed to de te rmine acoust ic r e sponse leve ls , acce lera t ion 
leve ls , and amplitude and amplification fac tors . Upon completion 
of the t e s t s , the panel will be certified for the nominal flight p r e s ­
su re profi le . The data obtained will a lso lead to the identification 
of the maximum tolerable acoust ic level. 

5. Mechanical vibration t e s t s and ins t rumenta t ion cal ibrat ion will be 
per formed on one polyimide panel to de te rmine model response and 
panel dynamic cha rac t e r i s t i c s . The tes t panels will be obtained 
from the panels fabricated for 1 or 4 above, depending on schedule 
r e q u i r e m e n t s . Reciproca l influence cal ibrat ion t e s t s will be p e r ­
formed to support 1 and 2 above. The completion of these t e s t s 
will certify the a e r o - s h e a r b a r r i e r for ground and flight induced 
vibrat ion and will serve to cal ibra te a c c e l e r o m e t e r ins t rumentat ion 
for the flutter t e s t s of 1 above. 

6. Smal l - sca le panels shall be subjected to weather environment t e s t ­
ing such as sun, ra in , humidity, salt spray , and fungus. The tes t 
cycles will conservat ively s imulate the stage l i fe-cycle r e q u i r e ­
ments to demons t ra te panel adequacy when subjected to these 
e lements . 
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7. Tes t s represen t ing al l foreseeable p rocess ing va r iab les such as 

t empe ra tu r e to le rance , p r e s s u r e to le rance , humidity, c leanl iness , 
cure t ime , and m a t e r i a l p r o p e r t i e s , will be performed to a s s u r e 
product manufacturing quality and to furnish design al lowables. 
Asse s smen t t e s t s of these types will be per formed on the bas ic 
polyimide sandwich panels fabrication. Upon completion of this 
effort, new p roces s specifications suitable for manufacturing p r o ­
duction will be p repa red . The neces sa ry additional m a t e r i a l 
p rope r t i e s tes t a r e to be included in this effort. 

8. The phenolic block hard spots , which support the eros ion b a r r i e r s 
on the LH2 tanks , a r e bolted to blind bos se s . Spray foam is then 
applied to the tank around the hard spots . Due to the exothermic 
p r o c e s s , cryopump cavities can occur. Twenty smal l panels with 
hard spots will be subjected to a simulated cryopump tes t (using 
LN2) to a s s u r e design adequacy. 

Support Requi rements 

Aerodynamic flutter and shock wave test ing must be accomplished in a 
wind tunnel l a rge r than 10 feet. Candidate facili t ies a r e Ames Labora tory , 
WADD, and Tullahoma. Altitude bleed-off tes t ing, m a t e r i a l s p rope r t i e s , 
vibration tes t ing, environmental tes t ing, process ing and hard spot cryopump-
ing tes t s can be accomplished in the NR labora to r ies at Downey. Acoustic 
sound p r e s s u r e test ing can be accomplished in the NR Los Angeles Division 
Labora to r i e s . 

5. 1. 5 E lec t r i ca l Power Subsystem 

Subsystem Descr ipt ion 

The e l ec t r i ca l power subsystem is the expendable second stage (ESS) 
energy source and dis t r ibut ion network requi red to support the load demands 
of the integrated avionics sys tem (IAS) for the 24-hour miss ion . F igure 4-18 
depicts the IAS e lec t r i ca l power hardware e lements . The subsys tem is 
shown schematical ly in Figure 4-19. 

The ESS employs 17 ba t t e r i e s to supply e lec t r i ca l energy for the 
24-hour miss ion . This provides 6100 ampere hours of energy for ESS use. 
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The power sys tem supplies energy for the main, ins t rumenta t ion, 

heater and rec i rcu la t ion /TVC dis t r ibut ion sys t ems . Capacity by bus sys tem 
i s : 

B u s 

Main 

Instrumentat ion 

Heater 

Rec i rcu la t ion / TVC 

Ampere-Hour 

4500 

300 

600 

300 

Capacity 
Es t imated 

Ampere-Hour Load 

3210 

153 

257 

142 

Control of the in t e rna l - ex te rna l power source will be by 200-ampere 
t rans fe r switches with hardwire and data bus control . Among the failure 
detect ion and isolat ion methods used will be monitoring devices to verify 
stage cur ren t levels . 

Conversion capability for AC power needs will be supplied from the 
r ec i r cu la t ion /TVC bus sys tem utilizing i nve r t e r s to provide the n e c e s s a r y 
vol tage /cur r e n t / H e r t z r e q u i r e m e n t s . 

Ba t t e r i e s a r e to be designed with a 60-day min imum wet -s tand life. 
They a r e to be instal led after erect ion of the ESS jus t pr ior to launch. 

Ba t te r ies a r e expendable and no provis ion will be made for their 
recovery from orbit . 

Subsystem Test Requi rements 

E lec t r i ca l power subsystem tes t r equ i r emen t s a r e delineated in 
Table 4 - 1 1 . 

Approach and Rationale 

The approach and rat ionale for the e lec t r i ca l power subsystem develop­
ment i s shown by the e l ec t r i ca l power subsys tem tes t logic and const ra int 
network, F igure 4-20. Subsystem design verif icat ion will be demons t ra ted 
during acceptance test and stat ic firing of the first two vehic les . The 
i n - p r o c e s s checkout operat ions will be to the extent n e c e s s a r y to verify co r ­
rec t instal la t ion and functional integri ty of the subsys tems components. 

Support Requi rements 

Support r equ i r emen t s for the e l ec t r i ca l power subsys tem a r e s u m m a r ­
ized in Section 8. 0 of this document. 
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Table 4 - 1 1 . E lec t r ica l Power Subsystem Certification Requirements 

N o . 

1. 

2. 

3 . 

4 . 

5. 

6 . 

7. 

8 . 

9. 

10. 

1 1 . 

12. 

13 . 

14. 

R e q u i r e m e n t 

Ver i fy t h a t a l l s u b s y s t e m c o m p o n e n t s a r e a c c e s s i b l e for 
m a i n t e n a n c e 

Ver i fy t h a t r e p l a c e a b l e c o m p o n e n t s can b e r e p l a c e d in t h e 
h o r i z o n t a l and v e r t i c a l p o s i t i o n s , m a t e d c o n f i g u r a t i o n s 

Ver i fy t h a t a l l e l e c t r i c a l c o n n e c t i o n s a r e a c c e s s i b l e , can be 
r e a d i l y c o n n e c t e d o r d i s c o n n e c t e d , have p o s i t i v e m e a n s to 
p r e v e n t c r o s s - c o n n e c t i o n s . 

Ver i fy t h e s u b s y s t e m c a n b e m o n i t o r e d and c o n t r o l l e d f r o m the 
g r o u n d u s i n g GSE 

Ver i fy t h e b o o s t e r c r e w can m o n i t o r and c o n t r o l t h e s u b s y s t e m 

Ver i fy t h e s u b s y s t e m c a n b e m o n i t o r e d b y t h e c e n t r a l i z e d d a t a 
b u s s y s t e m 

V e r i f y c a p a b i l i t y of s u b s y s t e m to w i t h s t a n d m i s s i o n e n v i r o n m e n t a l 
c o n d i t i o n s ( t e m p , p r e s s . , v i b , s h o c k , a c c e l , a c o u s t i c s , v a c u u m , 
z e r o - g ) 

Ver i fy t h e func t iona l i n t e r f a c e b e t w e e n t h e p o w e r s u b s y s t e m and 
o t h e r v e h i c l e s u b s y s t e m s 

Ver i fy c a p a b i l i t y for func t iona l c h e c k o u t of r e d u n d a n t e l e m e n t s 

Ver i fy e l e c t r i c a l p o w e r s u b s y s t e m h a s su f f i c i en t c a p a c i t y for 
m i s s i o n d u r a t i o n , i nc lud ing p r e l a u n c h and d e o r b i t a c t i v i t i e s 

Ver i fy c a b l e a s s e m b l y con t inu i ty and b u s i s o l a t i o n r e s i s t a n c e a r e 
w i th in s p e c i f i e d l i m i t s 

Ve r i fy h a r n e s s i n s u l a t i o n r e s i s t a n c e s a r e w i t h i n spec i f i ed l i m i t s 

• 
Ver i fy c a b l e h igh p o t e n t i a l i n t e g r i t y i s w i t h i n spec i f i ed l i m i t s 

Ver i fy E M I l e v e l s a r e w i t h i n s p e c i f i c a t i o n l i m i t s 
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Table 4 - 1 1 . E l e c t r i c a l P o w e r S u b s y s t e m C e r t i f i c a t i o n Requirements (Cont) 

No. Requirement 

Certification 
Category 

u 
0) 

- *J 

3 
a 
g 
o 
U 

c 
1) 

c o 
a 
£ 
o 
O 

> 
XI 

15. Verify' functional checkout limits for battery installation closeout 

16. Verify conversion equipment provides specified levels of 
voltage/current/Hertz 

X 
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5. 1. 6 Data and Control Management Subsystem 

Subsystem Descr ip t ion 

The Data and Control Management Subsystem (DCM) is the centra l 
in tegrat ing agent for al l ESS vehicle subsys tems . The subsys tem consis ts 
of the ha rdware and the software to implement the following: 

Configuration control and sequencing 

Guidance and navigation computation 

Flight control 

Data s torage 

Data acquis i t ion and dis t r ibut ion 

Checkout and fault isolat ion 

Self -management 

Major e lements of the DCM hardware and software sys tems a r e shown 
in F igure 4 - 2 1 . All e lements function together to a d d r e s s s to rage , gather 
and s to re information, p r o c e s s a r i thmet ic and logical data, execute sequen­
t ia l ins t ruc t ions , p r o c e s s in t e r rup t s , and init iate communicat ions between 
s torage and the input/output devices . F igure 4-22 is a genera l block d iagram 
of the subsys tem. 

Subsystem Test Requ i rements 

The DCM subsys tem tes t r equ i rement s a r e l isted in Table 4-12. 
Genera l r e q u i r e m e n t s of subsys tems components a r e as follows: 

1. Cent ra l P r o c e s s i n g Unit. Verify ability of system to address 
s to rage , gather and s tore data, p roces s equat ions, execute 
sequential ins t ruc t ions , and p r o c e s s i n t e r rup t s . 

2. Input/Output Units. Verify the ability to p r o c e s s t ransfer of data 
between the CPU's and al l ACT/LRU's via the data bus and to 
devices controlled by dedicated hardwire sys tem. 

3. Data Bus. Verify the capability of the bus to interconnect all e le ­
ments of the IAS, the IAS and other ESS subsys t ems , the ESS and 
the boos te r , and the ESS and the ESE. 
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DATA MGMT 
COMPUTER 

CENTRAL 
PROCESSORS 

INPUT/OUTPUT & 
BUS CONTROL 

MAIN 
MEMORY 

DATA & CONTROL 
MANAGEMENT 
SUBSYSTEM 

ACT 
UNITS 

SOFTWARE 

.FLIGHT 
PROGRAMS 

.GROUND TEST 
PROGRAMS 

•GROUND 
SUPPORT 
PROGRAMS 

Figure 4 - 2 1 . Data and Control Management Subsystem 

4. Storage Units . Verify the ability to s tore and r e t r i eve data 
located in the main memory section within specified t ime l imi ts . 

5. Software. Verify that the software modular units a r e compatible 
with the DCM sys tem and a r e acceptable for ESS use . Verify that 
supplemental p r o g r a m s bridge the configuration gap between the 
shuttle and ESS r equ i r emen t s . 

Approach and Rationale -• 

The DCM subsys tem r equ i r e s considerable software to p r o c e s s 
command/ re sponse data and per form the other tasks neces sa ry for vehicle 
operation. Adaptation of modular software developed for s imi la r functions 
on the shuttle program, and development of the special ized software for ESS 
demands will r equ i r e a m a j o r ' s h a r e of the integrat ion task. .Steps to a s s u r e 
proper software integrat ion a r e : 

1. Integrat ion of al l e lements of the DCM subsystem 

2. Integration of the DCM with other avionics subsys tems and with 
software 
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Table 4-12. Data and Control Management Subsystem 

Certification Requirements 

No. Requirement 

Certification 
Category 

s 
11 

3 

.C 

C 

u! 

•J 

u 
J3 

> 
-C 
i t 

1. Verify integration of all hardware elements of the DCM subsystem 

2. Verify compatibility of DCM central processors , data bus, and 
memory 

Verify DCM computer performance in input/output processing, 
register management techniques, instruction sets , execution 
timing, and instruction processing 

4. Verify address and access procedures for computer main storage 

5. Verify capability of DCM to manage internal redundancy 

6. Verify executive software program 

7. Integrate DCM with COMM, GN&C, electrical power and control 
subsystem 

8. Verify that DCM and related software can perform management 
control, redundancy management, checkout and fault isolation 

9. Verify functional interface between avionics subsystems and 
ACPS, OMS, main engines, (EC, structure, and hydrauTicTs sub­
systems (this includes integration of software) 

10. Verify functional capability of DCM and related software to 
manage, control, monitor and record data for vehicle subsystems 

11. Verify functional interface between the DCM ground computers 
and related software 

12. Verify functional interface between ESS and the booster 
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3. Integrat ion of the DCM, avionics subsys tems and software with 
non-avionics subsys tems 

4. Integrat ion of the DCM with ground support sys tems 

Steps to achieve the ha rdware / so f tware integrat ion a r e shown in the tes t 
logic and cons t ra in t network, F igure 4 -23 , Use of the Avionics Systems 
Integrat ion Labora tory (ASIL) reconfigured to support the ESS will enhance 
rapid verif icat ion of modular block util ization and verif icat ion of the ESS-
dedicated software. 

Support Requi rements 

The ASIL is requi red to develop and verify the compatibility of the 
software to ESS subsys tem configurations. 
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5. 1. 7 Guidance, Navigation, and Control Subsystem (GNfkC) 

Subsystem Descr ip t ion 

The function of the GN&C subsystem is to de te rmine spat ial or iner t ia l 
posit ion, velocity, a t t i tude, and attitude r a t e of the vehicle , to compute 
des i red changes to any or a l l of these vehicle s ta tes in accordance with 
in t e rna l ly - s to red or a l t e rab le computer p r o g r a m s , and to provide control 
signals to the propuls ion sys tems for commanding those changes. The basic 
GN&tC equipment (without redundancy) consis ts of: 

An iner t ia l measur ing unit (IMU) 

A ra te gyro set 

Interfacing e lec t ronic control units 

The main e lements of the GN&C subsystem a r e d iagrammed in 
F igure 4-24 . The navigation equipment senses vehicle iner t ia l changes and 
provides this information to the DCM computer . The guidance and navigation 
software opera tes on the received data and genera tes the control signals 
which command changes in the vehicle att i tude and /o r state vector in accord­
ance with pre-p lanned miss ion objectives. Other inputs from non-GN&C 
hardware ( t racking and communications) contribute to the solution of the 
navigation problem for determining par t ia l vehicle s ta te vector p a r a m e t e r s . 
F igu re 4-25 is a block d iagram of the GN&tC subsys tem as it in terfaces with 
other e lements of the avionics subsys tems group. 

Subsystem Test Requi rements 

The GN&cC subsys tem test r equ i r emen t s a r e shown in Table 4 -13 . 
P r i m a r y functions of the separa te GN&C a s s e m b l i e s to be verified a r e as 
follows: 

Iner t ia l Measur ing Unit. Verify the sys tem atti tude measu remen t capa­
bility. Verify the sys tem acce le ra t ion measu remen t capability. 

Rate Gyros. Verify the capability to m e a s u r e att i tude r a t e s of change. 

Elec t ronic Control Units. Verify the capability of the units to adequately 
per form in accordance with the design t rans fe r function. 

Approach and Rationale 

The approach for the GNfkC development is shown in F igure 4-26. The 
ASIL wil l 'be utilized for al l development and tes t ing cert i f icat ion at the sub­
sys tem and integrated avionics subsystem level . 
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Table 4 -13 . GN&C Subsystem Certif ication Requirements 

No. Requirement 

Cert i f icat ion 
Category 

> 
J3 
to 

1. Verify assembl ies meet functional and performance requ i rements : 
New or modified SS 

Exist ing SS 

2. Verify assembl ies meet environmental r equ i rement s 
New or modified SS 

Exist ing SS 

3. Verify ESS-oompatible performance with delet ions and del tas 
from SS 

4. Verify c r i t ica l interface compatibility for differences from shuttle 

5. Verify sof tware-hardware compatibility 

6. Verify mis s ion -ha rdware compatibili ty 

7. Verify GSE and checkout procedure compatibility 

8. Verify failure detection and isolation logic 

9. Verify a s sembl i e s ready for flight vehicle instal lat ion 

10. Verify GN&C subsystem safe and ready for combined subsys tems 
t e s t s 

11. Verify IMU alignment 

12. Verify IMU installat ion alignment 

13. Verify GN&C installed subsystem is flight ready 

X 

SS 
(p) 
SS 

SS 
(P) 
SS 

X 

X 

X 

X 

X 
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Support Requi rements 

The ASIL will be requ i red to support the type of tes t ing suggested above. 
Aside from verifying that no physical p rob lems exist among interfacing hard­
ware , the compatibility of the software p r o g r a m s with al l interdependent 
hardware will be a s su red . 
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5. 1. 8 C o m m u n i c a t i o n s S u b s y s t e m 

S u b s y s t e m D e s c r i p t i o n 

The com m u n i c a t i o n s s u b s y s t e m h a s the c a p a b i l i t y of t r a n s m i t t i n g and 
r e c e i v i n g a l l R F i n f o r m a t i o n n e c e s s a r y to a c c o m p l i s h the b a s i c ESS m i s s i o n 
by t r a n s m i t t i n g t e l e m e t r y d a t a , t u r n - a r o u n d r a n g i n g d a t a , and r e c e i v i n g 
u p - d a t a and r a n g e sa fe ty c o m m a n d s . The s u b s y s t e m p r o v i d e s the m e d i u m 
for the fol lowing five d a t a l i n k s : 

Da ta b u s c o m m u n i c a t i o n s (DBC) 

T e l e m e t r y c o m m u n i c a t i o n s 

Upda ta c o m m u n i c a t i o n s 

R a n g e and r a n g e r a t e c o m m u n i c a t i o n s 

R a n g e sa fe ty c o m m u n i c a t i o n s 

An i n t e g r a t e d a p p r o a c h h a s b e e n u sed in p r o v i d i n g t h e s e funct ions 
r e s u l t i n g in the t h r e e m a j o r a s s e m b l i e s d e p i c t e d in F i g u r e 4 - 2 7 . F i g u r e 4 - 2 8 
d e p i c t s the c o m m u n i c a t i o n s s u b s y s t e m b l o c k d i a g r a m . 

DA TA 

UPDATA 
CONDITIONER 

DATA STORAGE 
EQUIPMENT 

—" MODULATION 
& SWITCHING 

COMMUNK 
SUBSYS 

R 

NATIONS 
STEM 

F. 

S-BAND 
TRANSPONDERS 

S-BAND 
POWER AMPS 

R . F . DISTR. 
SYSTEM 

RSC 

• 

R 

RECEIVERS 

DECODERS & 
CONTROLLERS 

ANTENNAS 

TELEMETER *-— ANTENNAS ' RF DISTR 
SYSTEM 

1 DAT A BUS 
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Figure 4-27. Communicat ions Subsystem 
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Subsystem Test Requi rements 

The communicat ions subsys tem test r equ i r emen t s a r e l isted in 
Table 4-14. Genera l r equ i r emen t s of the subsys tem a s sembl i e s a r e as 
follows: 

Data Bus Transmiss ion . Verify the ability of the S-band equipment 
and the data bus conver ter to t r ansmi t the data bus information and the 
ability of the t r a n s m i t t e r to maintain the requ i red power output, f re ­
quency stabil i ty, low dis tor t ion, and spurious mis s ion suppress ion. 

Te lemet ry Data Transmiss ion . Verify the ability of the Universa l 
S-Band Equipment (USBE) to t r a n s mi t the in ter laced data in p roper 
and selected format, and to t r ansmi t s tored data mixed with the ranging 
data on s u b c a r r i e r s . 

Range and Range Rate Communicat ions. Verify the ability of the USBE 
to r ece ive , demodulate , delay and coherently r e t r a n s m i t range coded 
information. 

Up-Data Communicat ions . Verify the ability of the USBE to rece ive 
and demodulate up-data and the ability of the up-data equipment to 
decode, t e s t , and read information onto the data bus upon command 
from the DBC. 

Range Safety Command Rece iver . Verify that the radio frequency, 
modulation sens i t iv i t i es , and bandwidth of the sys tem a r e in accord ­
ance with existing ETR range safety r e q u i r e m e n t s . 

Range Safety Command Antenna. Verify that the RF, insulation r e s i s t ­
ance, voltage standing-wave ra t io , attenuation, isolation of d i rec t ional 
components and phase match from antennas to t r a n s m i t t e r a r e accept ­
able for ESS use and will provide an R—F link between MSFN and the 
ESS. 

Range Safety Command Language. Verify sys tems ability to t e rmina te 
the vehicle flight by a coded digital data command in the event of devia­
tion from the pre-planned t ra jec tory . 

Approach and Rationale 

The approach and ra t ionale to be used in the communicat ions subsystem 
tes t p r o g r a m were developed to prec lude constraint of total sys t ems by incom­
patible r equ i r emen t s . Those components and a s s e m b l i e s requi r ing develop­
ment a r e subjected to analyt ical t e s t s to insure compatibili ty with the vehicle 
r equ i r emen t s and s y s t e m s . The i t ems requir ing t e s t s of an analyt ical nature 
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Table 4-14. Communications Subsystem Certif ication Requirements 

No. 

1. 

2. 

3. 

4 . 

5. 

6. 

7. 

8. 

9. 

10. 

11 . 

12. 

13. 

— 

Requirement 

Verify on an antenna range adequate antenna radiat ion coverage by 
antennas for all RF links in the mated and unmated configurations 

Verify antenna compatibility with applicable t r ansmi t t e r or 
r ece ive r 

Verify that RSCR's proper ly de-code and init iate proper subsys ­
t ems response 

P e r f o r m insulation re s i s t ance on communication subsystem cables 

Verify VSWR and attenuation on communications subsystem 
coaxial cables and antennas 

P e r f o r m EMI test ing on communication component a s sembl i e s to 
verify that they nei ther radia te to or absorb from other RF energy 
sources 

Verify communications subsystem capability to rece ive range data 
and provide coherent turnaround data 

Verify TLM system capability to in ter lace data from engines and 
data bus 

Verify capability of data s torage equipment to r ece ive , s t o re , and 
dump data as requi red by the miss ion profile 

Verify USBE modulation, frequency, stabil i ty, and freedom from 
spurious emiss ions 

Verify communications subsystem control and interlocking with 
the DBC 

Verify conversion and control of data bus information for 
t r a n s m i s s i o n 

Verify that the up-data can be t ransmi t ted to the data bus and 
e r r o r flags can be shown under e r r o r conditions 

Cert i f icat ion 
Category 

to 
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a r e the antenna sys tems , t e l eme t ry , and the data s torage equipment. The 
antenna sys tems a r e model t e s t s to verify proper location of the antennas to 
insu re coverage in a l l d i rec t ions with r e spec t to the vehicle. The t e lemet ry 
development p rog ram will r equ i re breadboard t e s t s t o a s s u r e in ter lac ing of 
the engine data with the data bus data and p r io r i ty channels using w o r s t - c a s e 
phase and capacity p a r a m e t e r s . The da t a - s to rage equipment will r equ i r e 
t e s t s s imi la r to the t e l eme t ry sys tem to a s s u r e s torage adequacy during 
per iods of high exception data. 

Component level t e s t s a r e conducted on al l i t ems pr io r to use in the 
communicat ions sys t ems at a level sufficient to insure the design p a r a m e t e r s 
a r e met . The tes t category as utilized in the Communications Systems Test 
Requ i r emen t s , is selected to insure the tes t r equ i rement is met at the lowest 
level of assembly that test ing is p rac t i ca l and at the highest level the p a r a m ­
eter can be adequately tes ted . The subsys tem and combined subsys tem t e s t s 
will be conducted on a completed vehicle. The com muni cations subsys tem 
tes t logic and const ra int network is presented in F igure 4-29. 
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5. 1. 9 E lec t r i ca l Controls Subsystem 

Subsystem Descr ip t ion 

The E lec t r i ca l Controls Subsystem (ECS) is the interfacing agent 
between avionic and non-avionic subsys tems . F r o m this a r ea is derived the 
r equ i r emen t s for operat ion of the mechanica l subsys tems . The subsys tems 
grouped as e l ec t r i ca l controls a r e : 

1. Main propulsion subsys tem 

Main engines 

Thrus t vector control 

P r e s s u r i z a t i o n 

Propel lant feed 

Safing 

2. Auxiliary propulsion subsys tem 

Orbi ta l maneuvering sys t em 

Attitude control propulsion sys tem 

3. Propel lan t management 

4. Separat ion control 

The functional r equ i remen t s for sequencing, t iming, response t imes , 
analog and d i s c r e t e m e a s u r e m e n t s , redundancy c r i t e r i a , and software 
r equ i r emen t s a r e establ ished within each of the subsys tems noted. These 
r equ i r emen t s dr ive back into the DCM subsys tem for software p rogramming 
and equipment sizing. These r equ i r emen t s will also define checkout and 
fault isolation (COFI) techniques as well as to le rances for subsystem opera ­
t ions . Equipment e lements a r e shown in F igure 4-30 . F igure 4-31 is a 
block d iagram of subsys tems in ter faces . 

Subsystems Test Requi rements 

The ECS tes t r equ i r emen t s a r e shown in Table 4-15. The genera l 
r equ i remen t for tes t ing is to verify that the subsys tem can rece ive DCM 
commands through its ACT units , implement the commands through the non-
avionic subsys tem, rece ive r e sponses from the non-avionic subsystem, and 
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Figure 4-30. E lec t r i ca l Control Subsystem Hardware Requi rements 
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Table 4-15. E lec t r i ca l Controls Subsystem Certif ication Requirements 

No. 

1. 

2. 

1. 

2. 

1. 

2. 

1. 

2. 

Requirement 

Cert i f icat ion 
Category 

A
n

al
y

si
s 

1 

C
o

m
p

u
te

r/
M

o
d

el
 

2 

C
o

m
p

o
n

en
t 

3 

A
ss

em
b

ly
 

4 

S
u

b
sy

st
em

 

5 

C
o

m
b

. 
S

u
b

sy
st

em
 

6 

F
li

g
h

t 
V

eh
ic

le
 

7 

A. MAIN ENGINE 

Verify capability of subsystem to respond to DCM commands and 
to provide r e sponses indicating proper operat ion 

Verify capability of subsystem to perform al l opera t ions , includ­
ing s ta r t , stop, power level , and nozzle r e t rac t ion and extension 

X 

X 

X 

X X 

B. AUXILIARY PROPULSION SUBSYSTEM 

Orbital maneuvering engines 
Verify capability of subsystem to respond to DCM commands 
and to provide r e sponses indicating proper operation 

Verify capability of subsystem to perform multiple stop, 
s ta r t sequences 

Attitude control propulsion 
Verify capability of subsystem to respond to DCM commands 
and to provide responses indicating proper operation 

Verify capability of subsystem to reac t in proper combina­
t ions selected and for s t a r t / s t o p reac t ion capability 

-

X X 

X 

X 

X 

X 

X 

X 

X 

C. PROPELLANT FEED 

Verify capability of subsystem to respond to DCM commands and 
to provide responses indicating proper operation 

Verify hardwire control and response for launch control 

X 

X 

X 

X X 

D. PRESSURIZATION 

Verify al l functional paths by DCM command and response 
monitoring 

Verify capability of p r e s s u r e switches and actuation points 
(cal ips switches) 

X 

X X X 
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Table 4-15 . E lec t r i ca l Controls Subsystem Certif ication Requirements (Cont) 

No. Requirement 

3. Verify hardwire paths to vent valves 

Certification 
Category 

A
n

al
y

si
s 

1 

C
o

m
p

u
te

r/
M

o
d

el
 

2 

C
o

m
p

o
n

en
t 

3 

A
ss

e
m

b
ly

 

4 

S
u

b
sy

st
em

 

5 

C
o

m
b

. 
S

u
b

sy
st

em
 

6 

X 

F
li

g
h

t 
V

eh
ic

le
 

7 

E. PROPELLANT MANAGEMENT 

1. Verify capability of subsystem to respond correctly to simulation 
commands of 1/3, 2 / 3 , and full 

2. Verify integrity of mass sensors by performing calibration 

3. Verify commands and responses from the level and depletion 
cutoff sensor, controllers 

4. Verify compatibility of mass sensor and level monitor 
measurements 

X 

X 

X 

X 

X 

F. SEPARATION 

1. Verify capability of subsystem to respond to DCM commands and 
to provide responses indicating proper operation 

2. Verify proper voltage levels inputed to pulse sensors (for evalua­
tion of firing unit output) 

X 

X 

G. SAFING 

1. 

2. 

Verify capability of subsystem to respond to DCM commands and 
to provide responses indicating proper operation 

Verify proper voltage levels inputed to pulse sensors (for evalua­
tion of firing unit output) 

• 

X 

X 
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introduce the response to the DCM subsys tem for COFI evaluation. This 
test ing would include verif icat ion of each a l te rna te command and response 
path. 
Approach and Rationale 

The tes t logic and constra int network is shown on F igure 4-32. For the 
most par t , component development is confined to mechanical equipment and 
the only ECS components a r e power control switches and the propellant man­
agement e lec t ron ics . 

Support Requi rements 

Initial sys tems support will be requ i red of the ASIL to configure to the 
ESS and a s s u r e proper verif icat ion of each subsystem interface, command, 
response and COFI capability. 

4-99 

SD 71-140-5 



^
s

^
^ 

HA
RD
WA
RE
 

SY
ST

EM
 

^
"
"
"
v
^
^ 

PH
AS

E 
^
"
^
^
 

DE
VE

LO
PM

EN
T 

8
 i 

FU
NC
TI
ON
AL
 

EN
VI
RO
NM
EN
TA
L 

QU
AL

IF
IC

AT
IO

N 

CH
EC

KO
UT

 

CO
MP
ON
EN
T 

NE
W 
O
R
 

MO
DI

FI
ED

 
CO
MP
ON
EN
TS
 

1 • AL
L 

CO
MP
ON
EN
TS
 

AS
SE
MB
LY
 

NE
W 
O
R
 

MO
DI
FI
ED
 

AS
SE
MB
LI
ES
 

"
 

AL
L 

AS
SE
MB
LI
ES
 

_ 
, 

SE
LE

CT
ED

 
AS
SE
MB
LI
ES
 

NE
W 
O
R
 

MO
DI

FI
ED

 
AS
SE
MB
LI
ES
 

SU
BS
YS
TE
M 

' 
r 

^r
 

AL
L 

SU
BS
YS
TE
MS
 

VE
RI

FI
CA

TI
ON

 
TE
ST
S 

IN
TE
GR
AT
ED
 

IN
TE
GR
AT
ED
 

Jg
ST
S 

F
ig

u
re

 
4

-3
2

. 
E

le
ct

ri
ca

l 
C

o
n

tr
o

l 
S

u
b

sy
st

em
 

T
es

t 
L

o
g

ic
 

an
d 

C
o

n
st

ra
in

t 
N

et
w

o
rk

 



© 
5. 1. 10 Ins t rumentat ion Subsystem 

Subsystem Descript ion 

The ins t rumenta t ion sys tem provides a means of obtaining component 
or subsys tem information required during subsys tems , combined sys tems 
or miss ion opera t ions . It cons is t s of data s enso r s , signal condit ioners and 
sensor signal conditioner cal ibrat ion. The hardware e lements a re shown in 
Figure 4-33 and a typical c i rcui t in Figure 4-34. 

Subsystem Tes t Requi rements 

The ins t rumentat ion tes t r equ i rement s a re shown in Table 4-16. 
General r equ i rements of subsys tem components a re as follows: 

1. Measurement Channelization. Verify end-to-end measu remen t 
channelization and, where applicable, reference e lec t r i ca l or 
frequency s ignals , utilizing the cal ibrat ion system to es tabl i sh 
measu remen t . 

2. Ins t rumentat ion Component Integration. Verify the ability of 
ins t rumenta t ion sys tem components to operate within design 
specifications after integrated into the communications sys tem. 

3. Ins t rumentat ion Cables . Verify insulation r e s i s t ance on in s t ru ­
mentation subsys tem cables . 

4. Signal Conditioning. Verify the ability of the signal-conditioning 
units to convert low-level analog t r ansducer signals to digital , to 
amplify those s ignals , and to convert amplified digi tal s ignals to 
0-5 volt analog s ignals . 

Approach and Rationale 

The approach and rat ionale to be used in the ins t rumentat ion system 
tes t p rogram is an efficient, proved, and re l iable method of checkout and 
calibration of the ins t rumenta t ion sys tem. An end-to-end cal ibrat ion 
approach is used in which e lec t r i ca l or frequency signals a r e injected 
between the t r ansducer and signal conditioning, in the signal condit ioners , 
and ups t ream of the signal conditioning. 

Components and subsys tems requir ing development a r e subjected to an 
analytical tes t to ensure compatibili ty with vehicle r equ i r emen t s and s y s t e m s . 
The i tems requir ing analyt ical t e s t s a r e digital signal conditions and digi tal-
to-analog conver te r s in tegrated with var ious types of t r a n s d u c e r s . 
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Table 4-16 . Instrumentat ion Subsystem Certification Requirements 

No. Requirement 

Cert i f icat ion 
Category 

B 
<u 

4-1 
(0 

:>. 
<n 

Xi 
3 

W 

XI 

> 
4-1 

OX) 

1. Pe r fo rm insulation r e s i s t ance on ins t rumentat ion subsys tem 
cables 

2. Verify measuremen t channelization 

3. Verify end ins t ruments and associa ted signal conditioning a r e 
operat ing within measuremen t to le rance 

4. Verify sys tem components a r e functionally cor rec t and ready to 
support sys t ems tes t ing 

5. Verify digital signal-conditioning equipment compatibility with 
applicable t r a n s d u c e r s 

X 

X 

X X 

X 
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Component- level t e s t s a r e conducted on al l i t ems pr io r to use in the 

ins t rumenta t ion sys tems to ensure that the design p a r a m e t e r s a r e met . The 
tes t category, as used in the ins t rumenta t ion sys tems tes t r e q u i r e m e n t s , is 
selected to ensure that t es t r equ i r emen t s a r e met at the lowest level of 
assembly for which test ing is p rac t i ca l and at the highest level the pa r ame te r 
can be adequately tes ted . The subsys tem and combined subsystem t e s t s will 
be conducted on a completed vehicle. 
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5. 1. 11 P h a s e C Wind Tunnel Test P r o g r a m 

Configuration 

The wind tunnel tes t p r o g r a m will util ize var ious sized models of the 
ESS and space shuttle booster for mated test ing to satisfy the investigative 
r equ i r emen t s . Since the size and configuration a r e dependent on the flight 
reg ime to be explored and the facility uti l ized, individual models will not be 
descr ibed. 

There a r e no contract end i tem (CEI) specification requ i rement s for 
wind tunnel tes t ing. However, because wind tunnel test data can be ex t rapo­
lated to ful l -scale conditions with sa t is factory cor re la t ion , the r equ i rement s 
for subscale test ing a r e indirect ly the same specification requ i rement s that 
define the aerodynamic , dynamic, and t h e r m a l dynamic performance of the 
flight vehicle. 

Table 4-17 p resen t s the genera l r equ i r emen t s for wind tunnel tes t ing. 
Detailed simulat ion r equ i remen t s that specify angle of attack, f r e e - s t r e a m 
Mach number , and Reynolds number will be defined la ter for each tes t con­
dition. These r equ i rement s will be based upon the design re ference miss ion . 

Approach and Rationale 

Wind tunnel tes t ing will be conducted to support design, development, 
verif ication, and refinement of the ESS and mated ESS/booster vehic les . 

Genera l objectives of the Phase C/D wind p rogram a r e to obtain tes t 
data for (1) analys is and development of design c r i t e r i a , (2) evaluation of 
configuration changes, and (3) substantiat ion of analytically predicted p e r ­
formance and design environment. 

The main tes t ca tegor ies a r e aerodynamics , heat t r ans fe r , s t ruc tu ra l 
dynamics , and special t e s t s . D i sc re t e tes t objectives have been assigned 
under each category as descr ibed in Table 4-18. 

The Phase C/D wind tunnel tes t p r o g r a m has been planned as a continu­
ation of the tes t ing a l ready accomplished or in p roces s in Phase B. Phase B 
models will be utilized at Phase C go-ahead in tes t categories where early 
data a r e requ i red — refined heating and aerodynamic stability and control— 
for both configurations. Phase C models will be employed as they a r e 
available. 

Wind tunnel t es t planning for P h a s e C/D is subdivided according to 
technology a r e a s (ae rodynamics , heat t r ans fe r , and s t ruc tu ra l dynamics) . 
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Table 4-17. Phase C/D Wind Tunnel Certif ication Requirements 

N o . 

1. 

2. 

3 . 

4 . 

5. 

6. 

7. 

8 . 

9. 

10. 

1 1 . 

12. 

Requirement 

Provide appropr ia te speed, angle of attack, and Reynolds number 
simulation of mated vehicle launch t r a j ec to r i e s 

Provide appropr ia te speed, angle of attack, and Reynolds number 
simulation of ESS normal and abort separat ion conditions 

Provide appropr ia te t empera tu re and angle of at tack simulation 
of mated vehicle launch t r a j ec to r i e s 

Es tab l i sh and verify ESS aerodynamic configuration 

Es tab l i sh and verify ESS s t ruc tu ra l and control loads 

Es tabl i sh and verify ESS p r e s s u r e dis tr ibut ion 

Es tab l i sh and verify stat ic and dynamic stability and control 

Es tabl i sh and verify separa t ion cha rac t e r i s t i c s 

Es tab l i sh and verify power effects 

Es tab l i sh and verify ae roe las t i c loads and flutter cha rac t e r i s t i c s 

Es tab l i sh and verify ESS aero thermodynamic cha r ac t e r i s t i c s 

Es tabl i sh and verify mated aero thermodynamic cha rac t e r i s t i c s 

• 

Cert i f icat ion 
Category 

to 
•H 10 

a < 

1 

<D 

O 

2 
U 

4-» 

3 

6 
0 
U 

2 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

a 
o 
a, 
g o 
U 

3 

j * 
3 
g 
U) 

< 

4 

g 
10 

to 

3 
W 

5 

B 
•4-» 

to 

CO 

JO 
3 

W 

g 
0 

u 
6 

0 

o 

s > 
4-1 

i - H 

fc 
7 
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Table 4-18. Wind Tunnel Test Categories 

Aerodynamics 

Stability and control forces and moments 

Hinge moments 

P r e s s u r e dis t r ibut ion for loads 

Dynamic stabili ty 

Heat t ransfer 

Heat t ransfer dis tr ibut ion; phase paint, T / C , ca lo r ime te r , 
film gauge 

Base heating, plume heating 

St ruc tura l dynamics 

Flu t ter 

Rigid and flexible ground wind model loads 

P r e s s u r e dis t r ibut ion for ae ro noise 

The pr incipal a r e a of aerodynamic wind tunnel test uncertainty is the 
t ransonic flight r eg ime . Aerodynamic analyses and wind tunnel data a r e 
always suspect in this a r ea . Scale effects, Reynolds number mismatch , 
aeroe las t ic i ty , flutter, buffet, aerodynamic damping, and aerodynamic c r o s s 
coupling a r e all significant considerat ions in this region. In addition, a e r o ­
dynamic forces , moments , and p r e s s u r e dis t r ibut ions a r e undergoing rapid 
changes. 

The following assumpt ions were made in designing this Phase C/D 
wind tunnel tes t p r o g r a m . 

1. Limited wind tunnel testing would be continued during the in te r im 
period beyond the completion of Phase B and up to the s tar t of 
Phase C. 

2. The model configurations in the in ter im period would not match the 
Phase C contrac tual design r equ i r emen t s exactly but would be 
close enough to provide useful data for early design efforts in 
c r i t i ca l long lead t ime a r e a s . These a r e a s include continuing t e s t s 
to update heating r a t e s and maximum t empe ra tu r e profi les for con­
figuration ref inements beyond Phase B designs . 
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3. It was anticipated that the Phase C contract would specify design 

ref inements such that a completely new set of wind tunnel models 
would be requ i red to provide detai l design data pr ior to p re l iminary 
design review (PDR). 

4. P h a s e C design s tudies , coupled with the completion of booster and 
ESS P D R ' s , would introduce enough changes to r equ i re a new set 
of models that would then be used in development test ing to support 
final design of the flight hardware . 

5. Additional models would not be requ i red for verif icat ion t e s t s , 
which would continue beyond cr i t ica l design review (CDR). 

6. All wind tunnel test ing will have been completed p r io r to the first 
orbi ta l flight. 

The P h a s e C/D wind tunnel tes t p rogram rat ionale was to expand upon 
the work conducted p r io r to and throughout Phase B and to use the la rges t 
possible models and the maximum per formance capabil i t ies of existing wind 
tunnel facil i t ies throughout Phase C/D. An at tempt has been made to obtain 
the highest poss ib le a s s u r a n c e of flight wor th iness with the lowest possible 
expenditure of tes t hours and test do l la rs . 

Aerodynamic Tes t s 

Within the l imita t ions of existing faci l i t ies , aerodynamic wind tunnel 
t e s t s will be used to de te rmine and to verify ESS/booster air vehicle p e r ­
formance, s tabil i ty, and control , and air loads and p r e s s u r e distr ibution. 
Various ranges of angles of at tack and angles of yaw will be investigated. In 
addition, ro t a ry der iva t ives and base p r e s s u r e - b a s e flow cha rac t e r i s t i c s 
will be defined for the two configurations (ESS and the mated ESS/booster 
vehicle) . 

Additional t e s t s requ i red on the launch configuration include the d e t e r ­
mination of in te r fe rence forces , moments , loads, and p r e s s u r e dis t r ibut ions 
on each vehicle as a resu l t of the p re sence of the other . Aerodynamic data 
must a lso be measu red during simulated launch and separat ion phases for 
nominal and abort conditions. 

Main propuls ion sys t ems impact aerodynamic per formance of the 
ESS/booster vehicle . 

E lements of engine sys tem invest igations a re contained in both a e r o ­
dynamic and heat t r ans fe r wind tunnel tes t s tudies . 
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Wind tunnel t e s t s will de te rmine the effects of the main propulsion 

system (MPS) exhaust on the ESS and launch vehicle base d rags to provide 
bas ic data for both nominal operat ions and for subsequent abor t s tudies . 
Heating and acoust ic data will be obtained. 

ESS and booster ACPS control and heating effects will be measu red to 
establ ish local flow field and shock interact ion phenomenon. 

Heat Transfer Tes t s 

Aerothermodynamic environments that de te rmine the t h e r m a l s t r u c ­
tu ra l design r equ i r emen t s a r e developed from extrapolation of theore t ica l 
predict ion techniques and wind tunnel tes t r e s u l t s . Initial wind tunnel t e s t s 
will employ paint models to de te rmine constant t empe ra tu r e contours on the 
Phase C configurations. S t reaml ines and flow fields will be determined with 
p r e s s u r e models . Final ly , l a r g e r - s c a l e thermocouple models will be used 
to verify ea r l i e r r e su l t s and to obtain more detailed t e m p e r a t u r e data and 
heating ra te information. Available wind tunnel faci l i t ies can accommodate 
the range of ascent conditions. 

St ructura l Dynamics Tes t s 

Wind tunnel test ing will be accomplished on l a r g e - s c a l e models of the 
aerodynamic surfaces for the ESS/booster vehicles and on s m a l l e r - s c a l e 
complete vehicle models to de te rmine s t ruc tu ra l dynamic r e s p o n s e s . Wind 
tunnel t e s t s will provide p re l imina ry design, advanced design, and final 
verification of s t ruc tu ra l dynamic data as the air veh ic les ' des igns p r o g r e s s . 
For flutter marg in a s s u r a n c e s , duplicate models will be constructed with 
scaled nominal stiffness and with reduced stiffness for the flight r eg ime 
determined to be mos t c r i t i ca l . The ESS dynamic nnodels and booster 
dynamic models used to invest igate flutter and buffet will be mated for a 
study of launch vehicle s t ruc tu ra l dynamics in other than the liftoff flight 
region. Ground wind studies will then be made in which the scaled stiffness 
launch configuration models will be used. 

S t ruc tura l dynamic wind tunnel t e s t s will provide air vehicle design 
data direct ly and by providing a s su rance for the analyt ical methods used to 
calculate dynamic r e sponses and flutter marg ins . 

Support Requi rements 

Table 4-19 is a s u m m a r y char t that l i s t s the wind tunnels considered 
in development of this tes t p rog ram. Other facili t ies may be added to or 
substituted for those l isted because of scheduling problems or other 
considerat ions. 
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Table 4-19- Candidates for Phase C/D Wind Tunnel Faci l i ty Utilization 

Ames R e s e a r c h Center 

Langley R e s e a r c h 
Center 

Marsha l l Space Flight 
Center 

Arnold Engineering 
Development Center 

General Dynamics 
Convair 

North Amer ican 
Rockwell 

*Alternate 

NASA FACILITIES 

ARC 6 ft x 6 ft 
ARC 3. 5 ft 
ARC 12-ft p r e s s . 
ARC unitary 

LRC LTPT 
LRC 8 ft T P T 
LRC unitary 
LRC 16-ft TDT 
LRC 18-in. var density 

MSFC 14 in. 

AIR FORCE FACILITIES 

AEDC VKF 40-in. A 
AEDC VKF 50-in. B 
AEDC VKF 50-in. C 
AEDC PWT 16-ft 

CONTRACTOR FACILITIES 

GD 4 ft x 4 ft 

NR TWT 7 ft x 7 ft 
NR NAAL 7. 75 ft x 11 ft 

M 
M 
M 
M 

M 
M 
M 
M 
M 

M 

M 
M 
M 
M 

M 

M 
M 

_ 

= 
= 
=: 

= 
= 
= 
= 
= 

= 

_ 

= 
= 
= 

= 

= 
~ 

0. 6 - 2. 0 
5. 5, 7 . 4 , 10.4 
0. 0 - 0. 96 
0. 7— 3.5 

0 . 0 ^ 0 .4 * 
0.2 — 1. 3 * 
1. 5 — 4. 5 
0. 1 — 1. 2 
8. 0 

0. 6 ~ 5. 0 

1. 5 — 6. 0 
6. 0 — 8 . 0 
10. 0 — 12. 0 
0. 5 ^ 4 .7 

0. 6 -* 5. 0 

0. 2 — 3. 5 
0. 0 — 0. 26 
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5.2 VEHICLE LEVEL REQUIREMENTS 

A compilation of the subsystem design verif icat ion r equ i r emen t s that 
will be satisfied with vehic le - leve l test ing is presented he re . Three p r i m a r y 
modes of verif ication tes t ing a r e indicated: post -manufactur ing checkout 
(PMC), s tat ic firing (S /F) , and flight. Flight r equ i remen t s a r e those that 
will be satisfied either during mated pre launch opera t ions , mated ascent , or 
ESS ascent or on-orbi t opera t ions . 

No. Requirement 

P r i m a r y 
Verification Mode 

PMC S / F Flight 

MAIN PROPULSION SUBSYSTEM 

A. Operat ional Requi rements 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

Verify component access ib i l i ty 

Verify ability of components and engine to 
withstand acoust ic and vibrat ion 

Verify adequacy of base heating t he rma l p ro t ec ­
tion of components and engine 

Verify ability of MPS to withstand boost 
environment 

Verify ability to s t a r t engines in boost 
environment 

Verify ability to engage and disengage umbil icals 

Verify ability to l eak- tes t 

Verify ability to functional-test 

Verify ability to purge and iner t 

Verify MPS/GSE compatibili ty 

Verify capability to ex t end / r e t r ac t engine nozzle 
under flight loads 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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No. 

12. 

13. 

Requirement 

Verify engine /s tage compatibility from 50 to 
109 percen t th rus t 

Verify engine/ stage compatibility during 5. 5 to 
6. 5 mixture ra t io excurs ion 

P r i m a r y 
Verification Mode 

PMC S / F 

X 

X 

Flight 

B. Propel lan t Feed Assembly Requi rements 

1. 

2. 

3 . 

4. 

5. 

6. 

7. 

8. 

Verify ability to provide engine s ta r t NPSP 
r equ i r emen t s 

Verify ability to monitor and maintain vacuum-
jacket conditions 

Verify pogo suppress ion 

Verify tank isolation capability 

Verify ability to fill main tanks within two-hour 
servic ing t ime 

Verify ability to dra in tanks 

Verify capability of depletion cutoff to protect 
engines 

Verify heat leak r a t e s 

X 

X 

X 

X 

X 

X 

X 

X 

C. P r e s s u r i z a t i o n Assembly Requ i rements 

1. 

2. 

3 . 

4. 

Verify ability to meet engine mains tage NPSP 
r equ i r emen t s 

Verify capability of vent sys tem to mainta in tank 
p r e s s u r e 

Verify p r ep re s su r i za t i on capability 

Verify vent sys tem capability to vent tanks 

X 

X 

X 

X 

X 

X 
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No. Requirement 

P r i m a r y 
Verification Mode 

PMC S / F Flight 

D. Engine Servicing Assembly Requi rements 

1. 

2. 

3. 

4. 

Verify ability to supply in-flight helium at ICD 
p r e s s u r e and flow ra te 

Verify ability to vent fuel pumps without excessive 
back p r e s s u r e 

Verify GN2 purge supply adequacy 

Verify capability to f i l l /dra in hydraulic fluid X 

X 

X 

X 

E. Thrust Vector Control Assembly Requi rements 

1. Verify ability to dry gimbal with sufficient 
c learance 

2. Verify engine alignment 

3. Verify capability to gimbal engines over angular 
r a t e and r e sponse range 

X 

X 

X 

AUXILIARY PROPULSION SUBSYSTEM 

A. Operat ional Requi rements 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Verify component access ib i l i ty 

Verify ability of subsystem to operate in flight 
environment 

Verify capability to withstand vibrat ion and acoust ic 
effects from main propulsion operat ion 

Verify capability to withstand base heating 
environment 

Verify ability to withstand space environment 

Verify ability to leak- and functional-test 

Verify capability to purge and iner t 

X 

X 

X 

X 

X 

X 

X 
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No. Requirement 

P r i m a r y 
Verification Mode 

PMC S / F Flight 

B. Prope l lan t Feed and Tank Assembly Requi rements 

1. 

2. 

3. 

4 . 

5. 

6. 

Verify capability of propellant re tent ion devices to 
maintain liquid at the tank outlets in zero g 

Verify ability to provide requi red conditions at 
pump inlets continuously 

Verify abil i ty to fill propellant tanks within two-
hour se rv ice t ime 

Verify ability to dra in propellant tanks 

Verify capability to evacuate and monitor vacuum-
jacketed l ines 

Verify capability of t he rma l vent to vent only gas 
under ze ro -g conditions 

X 

X 

X 

X 

X 

X 

C. P r e s s u r i z a t i o n Assembly Requi rements 

1. 

2. 

3. 

4 . 

Verify ability to meet pump NPSH requ i r emen t s 

Verify capability of vent system to maintain 
p r e s s u r e 

Verify capability of p r e - p r e s s u r i z a t i o n 

Verify ability to vent tanks 

X 

X 

X 

X 

• 

D. Thrust Vector Control Assembly 

1. Verify abili ty to dry gimbal with sufficient c learance 

2. Verify engine alignment 

3. Verify capability to gimbal engines over r a t e and 
r e sponse range 

X 

X 

X 
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No. Requirement 

P r i m a r y 
Verification Mode 

PMC S / F Flight 

INTEGRATED AVIONICS SUBSYSTEM 

A. E lec t r i ca l Power 

1. 

2. 

3. 

4 . 

5. 

6. 

Verify that a l l subsys tem components a r e a c c e s ­
sible for maintenance 

Verify that rep laceable components can be 
replaced in the ve r t i ca l mated configuration 

Verify that al l e l ec t r i ca l connections a r e a c c e s ­
sible, can be readi ly mated or de -mated , and 
have posi t ive means to prevent c ross -connec t ions 

Verify capability of subsys tem to withstand m i s ­
sion environmental conditions ( temp, p r e s s . , 
vibrat ion, shock, acce le ra t ion , acous t i cs , 
vacuum, zero-g) 

Verify the functional interface between the power 
subsystem and other vehicle subsys tems 

Verify capability for functional checkout of 
redundant e lements 

X 

X 

X 

X 

X 

X 

B. Data and Control Management 

1. Verify functional capability of DCM and re la ted 
software to manage, control , moni tor , and 
r eco rd data for vehicle subsys tems 

2. Verify functional interface between the DCM ground 
computers and re la ted software 

3. Verify functional interface between the ESS and the 
shuttle booster 

X 

X 

X 

4-115 
SD 71-140-5 



o 
No. Requirement 

P r i m a r y 
Verification Mode 

PMC S / F Flight 

C. Guidance, Navigation, and Control 

1. 

2. 

3 . 

4 . 

5. 

6. 

Verify GSE and checkout p rocedure compatibili ty 

Verify failure detect ion and isolat ion logic 

Verify design compatibili ty with r emova l and 
recovery in space 

Verify GN&C safe and ready for combined sub­
sys tems t e s t s 

Verify IMU instal la t ion alignment 

Verify GN&C instal led subsys tem is flight ready 

X 

X 

X 

X 

X 

X 

D. Communicat ions 

1. Verify antenna compatibili ty with applicable 
t r a n s m i t t e r and /or r ece ive r 

2. Verify that RSCR's proper ly decode and init iate 
proper subsys tems response 

3. Verify communicat ions subsys tem control and 
in ter locks with the DBC 

4. Verify abil i ty of the updata to be t r ansmi t t ed 
onto the data bus and e r r o r flags shown under 
e r r o r conditions 

X 

X 

X 

X 

E. E lec t r i ca l Controls 

1. Main engine - Verify capability of subsys tem to 
per form all opera t ions , including s t a r t , stop, 
power level , nozzle r e t r ac t i on , and extension 

2. OMS - Verify capability of subsys tem to p e r ­
form mult iple s t a r t - s t o p sequences 

X 

X 
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No. 

3. 

4 . 

5. 

6. 

Requirement 

ACPS - Verify capability of subsystem to r eac t in 
proper combinations selected and s t a r t - s t op 
react ion capability 

Propel lant feed - Verify hardwire control and 
response for launch control 

P r e s s u r i z a t i o n - Verify al l functional paths by 
DCM command and re sponse moni tor ing 

Propel lant management - Verify compatibili ty 
of m a s s sensor and level m e a s u r e m e n t s 

P r i m a r y 
Verification Mode 

PMC 

X 

X 

X 

X 

S / F Flight 

F . Ins t rumentat ion 

1. Verify end ins t ruments and assoc ia ted signal con­
ditioning a r e operat ing within m e a s u r e m e n t 
to le rance 

X 
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Preceding page blank 

6. 0 APPROACH AND RATIONALE 

The scope of the tes t p rog ram is de termined p r imar i ly by tes t 
r equ i r emen t s , whereas the approach and ra t ionale a r e shaped by tes t phi­
losophy and c r i t e r i a . This section d e s c r i b e s , in genera l t e r m s , the 
approach and ra t ionale for the overa l l t es t p r o g r a m . In more detai l , it 
desc r ibes the mated ESS/booster tes t ac t iv i t ies . The approach and ra t ionale 
for test ing each subsystem is found in pa rag raph 5. 0. 

6. 1 OVERALL TEST PROGRAM 

The tes t p rogram mee t s the major mi les tones identified on the ESS 
Phase C/D Master P r o g r a m Schedule and ref lects the p rog ram requ i rement 
for cost-effect iveness . The tes t p r o g r a m schedule is shown in F igure 4-35 . 

When compared with previous space p r o g r a m s , the ESS tes t p r o g r a m 
has (1) combined tasks to el iminate the need for numerous major tes t 
a r t i c l e s ; (2) been designed to minimize the r equ i rement s for development 
test ing; (3) approached qualification on the bas i s of functional cr i t ica l i ty of 
hardware ; and (4) minimized duplication of support equipment. 

Dual use of vehicles to satisfy development test p rogram requ i r emen t s 
and later operat ional r equ i r emen t s has eliminated the need for dedicated tes t 
vehicles in stat ic firing, facility fit check, and integrat ion of the instal led 
subsys tems. 

The two s ta t ic-f i r ing vehicles a r e operat ional vehicles with nonstat ic 
firing subsys tems installed to satisfy cert i f icat ion test ing r equ i r emen t s . In 
addition to the p r imary purpose of main propulsion subsystem integrat ion and 
interfacing of the main propulsion with support s t ruc tu re , power, control , 
and ins t rumentat ion subsys tem, the tes t vehicle interfaces and functional 
compatibility with the operat ional ground support equipment and facil i t ies 
will be demonst ra ted where applicable. 

Faci l i ty fit checks will be per formed with the first operat ional vehicle. 
These checks will be supplemented by a launch facility fit check of the fully 
configured ESS and booster in the mated configuration. 

Installed subsystem integrat ion t e s t s will a lso be performed with a flight 
vehicle. ESS 1 will provide the means for the f irs t end-to-end checks on a 
total vehicle. Prev ious combined subsys tem tes t s of the avionics and propul ­
sion subsys tems , in conjunction with subsys tem level t e s t s of hydraul ics , 
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will provide the a s s u r a n c e that major d i sc repanc ies will not be uncovered for 
the first t ime on the flight vehicle during these integrated subsystem t e s t s . 

Of the major ground- tes t vehicles and a r t i c l e s delineated on the MPS 
schedule, only the s t ruc tu r a l t e s t a r t i c l e s used for s tat ic and fatigue t e s t s 
will not be reusab le as operat ional vehic les . 

In addition to use being made of major test vehic les , the design 
approach of selecting previously developed hardware and employing proved 
concepts will further enhance the cost-effect iveness of the tes t p rogram by 
minimizing development tes t ing. This is par t icu lar ly applicable to hydrau­
l ics , communicat ions , and other avionics subsys tems . Selection of comnnon 
components for use on the ESS, o rb i t e r , and booster or common support 
equipment will further reduce the development tes t r e q u i r e m e n t s . 

Qualification tes t ing is r equ i red on al l Functional Cri t ica l i ty I i tems 
(i tems on which the functional capability could be lost as a resu l t of a single 
s t r e s s or environment and upon which the safety of the crew or vehicle 
depends). Functional Cri t ica l i ty II i t ems will be certified through the accu­
mulation of tes t data from development t e s t s , acceptance , and other a r e a s 
of checkout. Functional Cri t ica l i ty II includes i t ems whose loss could cause 
the launch to be delayed, the mi s s ion to be safely t e rmina ted , or p r i m a r y or 
secondary objectives to be lost . Limiting qualification test ing to Functional 
Cri t ical i ty I and only selected i tems of Functional Cri t ical i ty II with manage­
ment approval will min imize the qualification p rogram without introducing 
hazards to the crew or vehicle . 

The tes t p r o g r a m documentat ion will consist of p lans , p rocedures , 
and r e p o r t s . Cert i f icat ion, flight verif icat ion, and acceptance requ i rements 
a r e delineated in the ESS sys tem and end item specif icat ions. These 
r equ i r emen t s , combined with functional cr i t ical i ty level of hardware i t ems , 
a r e the p r i m a r y factors in establ ishing the tes t logic and constraint net­
works (F igure 4-36). The cert if icat ion and flight verif icat ion plan will 
incorporate these ne tworks , the justification for analysis for t es t , and the 
rat ionale for the ha rdware level selected for those t e s t s . Test plans will 
define the approach and ra t ionale for implementing the t e s t s . Support 
r equ i rements will be identified for each tes t or tes t s e r i e s in thei r r e s p e c ­
tive plans. In addition, l i s t s of facility, support equipment, and software 
requ i rements will be compiled into separa te documents . These will identify 
need da tes , total r e q u i r e m e n t s , and shared or common usage i t ems . 

Any additional development tes t ing will be based upon development tes t 
r equ i r emen t s . All development, qualification, and acceptance tes t and 
checkout will be per formed to s tandardized tes t and checkout p rocedures 
prepared in consonance with quality a s s u r a n c e and safety ground ru l e s . 
Quick-look and engineer ing-ana lys is r e p o r t s will be p repa red on all 
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development t e s t s and those qualification t e s t s where anomal ies occur . Final 
r epor t s will be p repa red on development and qualification tes t ing of subsys­
t ems , major combined subsys tems , and for vehicle acceptance t e s t s . 

A data base will be compiled for ready r e t r i e v a l of tes t data. The base 
will include t e s t - a r t i c l e configuration, tes t r e s u l t s , mean t ime between fail­
ure , and any anomal ies during tes t . 

Components and subassembl ies a r e accepted by p r o c e s s and p r o c u r e ­
ment specif icat ions. The vehicle , support equipment, and software will be 
accepted according to checkout p rocedures . Such approvals will become a 
par t of the cus tomer acceptance data package. Services and support a g r e e ­
ments or p r o g r a m requi rement documents will be p repared delineating al l 
base and range support for launch operat ions . Before checkout stations a r e 
used at the tes t s i t e s , the faci l i t ies , with support equipment instal led, will 
be verified by site certif ication checkout p rocedures . 

Manufacturing checkout compr i ses i n - p r o c e s s and final acceptance 
checkout functions s tar t ing with acceptance of a component at a subcontractor 
facility and ending with integrated vehicle checkout and del ivery to the opera ­
tional s i te . I n -p roces s checkout is per formed as a function of the vehicle 
major assembly build cycle. It includes s t ruc tu ra l integri ty and cleanl iness 
verif ication of the tube sys t ems . It a lso includes wire ha rness and limited 
subsystem functional checks to verify co r r ec t instal lat ion of the subsystem 
elements pecul iar to that major assembly under tes t . The major a s sembl ie s 
a r e del ivered for final assembly and integrated acceptance checkout. Accept­
ance checkout will be accomplished on the vehicle to demons t ra te that the 
product complies with specifications, is capable of performing in conformance 
with contractual r equ i r emen t s , and is free from manufacturing defects. 

6.2 MATED ESS/BOOSTER 

The mated ESS/booster tes t act ivi t ies a r e defined as those t e s t s p e r ­
formed in the mated configuration and ESS and booster t e s t s performed in 
prepara t ion for a mated launch. The ground t e s t s include low-frequency 
dynamic t e s t s of the mated ESS/booster ; interface checks of the ESS, booster , 
and the mated configuration with the operat ional si te facil i t ies and support 
equipment; and pre launch checkout of the ESS and booster . 

The ground vibrat ion tes t is planned to obtain bending and tors ion 
modes and damping cha rac t e r i s t i c s . It is s imi lar to the t e s t s conducted 
independently on the ESS and booster . The mated vehicle will be in the 
horizontal posit ion supported by a low-frequency suspension system and will 
be st imulated by low-force- level inputs. These measured r e sponses will 
provide a bas i s for analytically extrapolating ESS and booster measu remen t s 
to the mated boost configuration. 
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Interface checks with the support equipment and facility at each 

applicable launch site checkout a r e a will be requ i red for both the ESS and 
boos te r . These a r e a s include maintenance and r epa i r , mated vehicle launch 
complex, and pos t -mi s s ion safing a r e a s . At each checkout a r e a , the support 
equipment/faci l i ty in ter faces will be checked, and the support equipment/ 
facility will be functionally verified with an integrated acceptance checkout 
before connecting with the vehicle for interface checks. Interface checks 
will be repeated as each new ESS and booster is cycled through the checkout 
a r e a s . 

P re l aunch checkout of the f i rs t ESS and booster at the launch si te 
includes subsys tem t e s t s in the maintenance and repa i r (M&rR) checkout 
s ta t ions . An integrated subsys tems t e s t , including a miss ion simulat ion, 
will p recede the move to the mating a r e a where the ESS and boos ter will be 
e rec ted , mated, and readied for t r anspo r t to the launch complex. Support 
equipment hookup, interface checks, and an integrated vehicle checkout will 
be conducted p r io r to tanking t e s t s , which will then be accomplished for the 
f i rs t t ime with the vehicles in the mated configuration. Vehicle subsys tems 
wil l be verified ready for launch, including interface with r a n g e t racking and 
com muni cation s y s t e m s . After it has been verified that all ESS/booster 
sys tem elements a r e ready for launch, the countdown will be init iated. 

The first launch of the mated configuration will demons t ra te booster 
main propuls ion subsys tem per formance and ESS/booster control labil i ty, 
and wil l provide m e a s u r e m e n t s to verify s tat ic and dynamic load predic t ions 
in the a r e a s of ignition shock, acous t i cs , and separat ion. Aerodynamic 
in te r fe rence and boost heating p a r a m e t e r s will be measu red to verify analyt­
ica l e s t ima tes and wind tunnel m e a s u r e m e n t s . Separat ion per formance will 
be evaluated based on sequence of events , ESS th rus t buildup and booster 
th rus t decay, and separa t ion linkage loads for nominal conditions. There is 
cur ren t ly no r equ i remen t for demonst ra t ing separat ion at other than nominal 
conditions. 

( 
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7.0 COMMONALITY/COST EFFECTIVENESS j 

In accord with the overa l l p r o g r a m objective of cos t -effect iveness , the 
tes t p rog ram has been developed with commonali ty and cost-effect iveness as 
salient fea tures . Although specific subsystem components will not be 
selected until P h a s e C of the p r o g r a m , the subsys tems selected during 
Phase B al l have significant commonali ty with ei ther the S-II or the space 
shuttle o rb i te r . 

However, cost -effect iveness ' , only ro le is not with the hardware 
involved in a t es t p r o g r a m . It has a major ro le when personnel and tech­
niques a r e considered. A cadre of the highly successful S-II and Apollo 
post-manufactur ing checkout and S-II s ta t ic firing personnel is available to 
implement the t e s t p r o g r a m s on the ESS. This cadre a lso has at i ts d i s ­
posal detailed r e c o r d s and h i s to r i e s that will enable cost-effective operat ions 
to be initiated at the onset of the t e s t p r o g r a m . 

Cost-effect iveness has been the byword of this t es t plan, with emphasis 
in the r e a l m s of development and qualification tes t ing . Use of S-II and space 
shuttle orbi ter subsys tems will , in effect, dictate the use of S-II- and o rb i t e r -
developed components , thereby minimizing the ESS DDT&E cos t s . Adoption 
of the Cri t ica l i ty I qualification s tandard significantly reduces qualification 
cos ts . 

The following breakdown by sys tem and subsystem defines the major 
hardware cost-effect iveness features of the ESS t e s t p r o g r a m . 

Vehicle • No dedicated ful l -scale al l systems. 
t e s t a r t i c l e , mated dynamic test ing will 
be conducted on the f i rs t flight vehicle . 

• The f irst two flight vehicles only will be 
s ta t ic - f i red . 

Main propuls ion • Development and cert if ication of the 
space shuttle orbi ter engines by the 
engine contrac tor and p re l imina ry sub­
sys tem development by the orbi ter 
p r o g r a m 

• Prope l lan t feed, vent, and fill and dra in 
a s s e m b l i e s developed by the S-II 
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Auxiliary propuls ion • Developed and certified by the orbi ter 

p rogram 

• Subsystem tes t ing only by the engine 
contractor 

S t ruc tures • Fabr ica t ion techniques developed by S-II 

Insulation • Spray-on-foam insulation and instal lat ion 
techniques developed by S-II 

Integrated avionics • Use of orb i te r -developed and certified 
subsys tems 

• Use of proposed t racking and data re lay 
satel l i te and /or existing MSFN data 
network 

Wind tunnel t es t • Use of space shuttle booster wind tunnel 
models 

• Maximum use of space shuttle wind tunnel 
tes t data 
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8.0 SUPPORT REQUIREMENTS 

The cost-effect iveness goal of the ESS p r o g r a m dictates heavy use of 
S-II- and space-shut t le -developed ha rdware during Phase C component s e l ec ­
tion. This will min imize the support r equ i r emen t s for component- and 
assembly- l eve l tes t ing. As components a r e selected during Phase C, design 
verification r equ i r emen t s will be establ ished. F r o m these r equ i r emen t s the 
support r equ i r emen t s will be es tabl ished. It is anticipated that existing and 
space shuttle facil i t ies will satisfy these r equ i r emen t s . The following p a r a ­
graphs desc r ibe the support r equ i r emen t s for the combined subsys tems level 
r equ i rement s of pa rag raph 5. 2. 

8. 1 AVIONICS SUBSYSTEMS INTEGRATION LABORATORY (ASIL) 

ESS avionics will be in tegrated in a labora tory known as the Avionics 
Subsystem Integration Labora tory (ASIL). The ASIL will consist of (1) the 
data and controls management subsys tem (DCM) with applicable flight soft­
ware and special purpose software; (2) the guidance, navigation, and control 
subsystem (GNikC) with the ine r t i a l m e a s u r e m e n t unit mounted on a (TBD) 
degree of freedom table and the capability to interface with the hydrau l ics / 
controls labora tory for end- to-end flight controls test ing; (3) the communica­
tions subsystem (COMM) with ar t i f ic ia l s t imuli of the navigation and 
rendezvous a ids ; (4) the e l ec t r i ca l power subsystem with s imulat ions of all 
actual power sources and selected non-avionics loads; and (5) the e l ec t r i ca l 
controls subsys tem. To facili tate DCM, software, and COFI evaluat ions, 
computer and /o r other s imulat ions of selected port ions of non-avionics sub­
sys tems and payload in ter faces will be available 

8.2 POST-MANUFACTURING CHECKOUT 

Pos t -manufac tur ing checkout (PMC) will be accomplished in a facility 
in which leak and functional checks can be performed on all vehicle subsys ­
t e m s and automatic functional checkout of the integrated subsys tems can be 
conducted. The facility mus t be able to supply the vehicle with regulated 
p r e s s u r a n t s and e l ec t r i ca l power. It must include a hydraulic servic ing unit 
for the th rus t vector control s y s t e m s . It will be requi red to have both 
manual and automatic data acquisi t ion sys tems via both hardwire and t e l e m ­
etry l inks. It must have the capability to interface with the vehicle integrated 
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avionics subsys tems to verify the operation of the vehicle on-board checkout 
(OBCO) rout ine. Software developed for the ASIL will a lso be used during 
PMC. 

8. 3 STATIC FIRING 

The s ta t ic firing conducted on the f irs t two ESS flight vehicles will be 
per formed at the operat ional si te. The concept used for the space shuttle 
orbi ter s tat ic firing p rogram will a lso apply to the ESS p rog ram; that i s , a 
t empora ry support s t ruc ture will s imulate the booster a t tach fittings and will 
suspend the ESS at the proper elevation for swing-arm interfacing. The ESS 
will be suspended di rect ly above the flame deflector , and main propulsion 
a s p i r a t o r s will be provided to di rect the rocket engine exhaust into the flame 
deflector . Extensions will be neces sa ry to provide e lec t r i ca l , pneumatic , 
and fluid servicing from the swing a r m s to the vehicle umbil ical panels . The 
stat ic firings will be conducted by launch operat ions pe rsonne l from the launch 
control center with launch support equipment. 

4-128 

SD 71-140-5 



o 
9. 0 REUSABLE SHUTTLE BOOSTER AND SEPARATION STRUCTURE 

9. 1 GENERAL DESCRIPTION 

The ESS consis ts of a modified Saturn S-II stage plus one of th ree 
payloads: (1) a nuclear s tage, (2) a McDonnell Douglas space station, or 
(3) a space tug. The ESS/B-9U separa t ion subsystem opera tes s imi la r ly to 
the 161C o rb i t e r /B -9U separa t ion subsys tem. However, since the booster 
is designed to reac t a l l drag loads from the second stage orbi ter at the for­
ward separat ion links only, and the Saturn S-II is designed to take concen­
t ra ted d rag loads at i ts aft end only, an adapter is requi red to t r ans fe r the 
drag load from the ESS aft end forward to the forward separa t ion mechan i sm. 
This adapter will be a fixed platform (Dwg 76Z1223) pinned to the booster at 
the same points as the basel ine forward separa t ion l inks. It incorpora tes 
aft separat ion links between the aft end of the ESS and the aft end of the p la t ­
form. The forward separa t ion links t ie the forward end of the platform to 
the ESS. During boost , the ESS drag load is ca r r i ed by the aft separa t ion 
links in compress ion and the platform in tension. During separa t ion , the 
platform will exper ience t r ans i en t compress ion and bending loads as 
the ESS moves away from the boos te r . This subsystem uses seven s e p a r a ­
tion bolts: four to disconnect the ver t i ca l support links and deploy the 
separat ion (swing) links and t h r e e to disconnect the separat ion links from 
the ESS. 

The forward and aft separa t ion (swing) l inks, as well as their r e t r a c t 
ac tua to r s , will be modified to account for higher loads. The re will be two 
additional r e t r a c t ac tua tors for stowing of the aft separat ion l inks. The 
stage separa t ion control ler and communicat ions link will be modified to 
ESS/B-9U r e q u i r e m e n t s . 

9. 2 REQUIREMENTS 

The ESS separat ion subsys tem certif ication r equ i r emen t s a r e identical 
to o rb i t e r /boos t e r stage separa t ion sys tem r equ i r emen t s . 

9. 3 TEST APPROACH AND RATIONALE 

The following t es t s will be used to develop and qualify the ESS s e p a r a ­
tion subsys tem. These a r e in addition to the basel ine tes t p r o g r a m outlined 
for the o rb i t e r /boos t e r stage separat ion subsystem (Sections 5. 18 and 6. 4 of 
P r e l i m i n a r y Test P lan , SD 71-105-3). 
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9. 3. 1 S t ruc tu ra l Tes t s 

S t ruc tura l development tes t ing will include s ta t ic and fatigue t e s t s of 
ful l -scale lugs, pins , and rod ends plus any unique fittings. A single full-
length side beam out of the platform will be tes ted in tension, compress ion , 
and bending. T r u s s member at tachment to the beam will be simulated with 
supports of co r r ec t s t i ffnesses. 

S t ruc tura l qualification of the complete ESS/booster separa t ion sub­
sys tem will be accomplished in a combined subsystem tes t on the aft body 
s t ruc tu ra l qualification a r t i c l e s . 

Some additional s tat ic tes t conditions will be requi red in the stiffness 
de terminat ion t e s t s on the booster aft body static tes t a r t i c le for ESS/booster 
dynamic data. 

The ful l -scale vibrat ion tes t of the complete booster (in the horizontal 
position) will be expanded to include t e s t s of the boos te r -ESS mated configura­
tion. These will de te rmine total sys tem mode shapes and frequencies for 
verif icat ion of the dynamics mathemat ica l model. 

9. 3. 2 Booster Subsystems Tes t s 

The separa t ion sys tem control ler will be tes ted for the additional 
p rog ramming requ i red for ESS separat ion, plus additional faul t - tolerance 
as requi red , using probabi l is t ic failure conditions. The breadboard e l ec ­
t r i ca l sys tem will be modified to include the added network and will be tes ted 
with the separa t ion sys tem control ler to verify sequencing and timing 
r e q u i r e m e n t s . 

E lec t r i ca l /hydrau l i c components consist ing p r i m a r i l y of the separat ion 
bolts and r e t r a c t ac tua tors will be qualified per subcontract design specifi­
cat ions . All e l ec t r i ca l / e l ec t ron i c LRU's will be common with the basel ine 
sys tem types . No additional individual LRU qualification would be 
anticipated. 

9. 3. 3 Per fo rmance Analysis 

Additional wind tunnel t e s t s will be conducted with mated boos te r /ESS 
models to desc r ibe the in terference aerodynamics of the two vehic les . Main 
engine plume effects will be included. Approximately 10 Mach points will be 
invest igated. These data will be used in the separa t ion sys tem simulation 
computer p r o g r a m . 
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In the final validation of the complete ESS separa t ion subsystem a 
computer simulation p r o g r a m will be used s imi la r to that used for the b a s e ­
line configuration. The s imulat ion will include off-nominal, abor t , and 
failure conditions. F ina l operat ing c h a r a c t e r i s t i c s , including ta i l c l ea rances , 
will be defined. These t e s t s will qualify the subsys tem for flight. 

9 .3 .4 Flight Tes t s 

Nominal separa t ion pe r fo rmance will be verif ied in a flight of the 
mated configuration and subsequent postflight ana lys is . No exper imenta l 
a t tempts will be made to verify abor t separa t ion. 

9. 4 TEST CONFIGURATION 

This p r o g r a m will use the same major vehicle a s semb l i e s planned for 
the basel ine p rog ram; namely, the s ta t ic and fatigue s t r u c t u r a l tes t a s s e m ­
blies compris ing two s t ruc tura l ly complete LH2 tanks , in ter tank adap te r s , 
thrus t s t r u c t u r e s , and se ts of separa t ion l inkage /mechan i sms . Two pla t ­
forms, modified swing l inks, etc . will be added. 

Static tes t ing to design ul t imate loads will be conducted on one complete 
ESS separa t ion s t ruc tu re instal led on the s tat ic tes t s t ruc tu ra l aft body 
mounted in the ve r t i ca l position. These will a l so se rve a s local load condi­
tions for the aft body, thus qualifying both the mechanism and affected body 
s t ruc ture for ESS separat ion loads. 

Functional tes t ing will be per formed at the combined subsystem level 
on a second set of separa t ion mechan i sms instal led on the fatigue tes t s t r u c ­
tu ra l aft body in the ve r t i ca l posit ion. This will provide simulation of actual 
loads, operat ion, and sequencing, including bolt separa t ion, except that t e s t s 
will not be conducted in t rue t ime . 

Since the total number of ESS flights planned is re la t ively smal l , full-
scale fatigue test ing of the ESS separa t ion sys tem is not planned. 
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9. 5 TEST HARDWARE REQUIREMENTS, SEPARATION STRUCTURE 

No. Item Quantity 

Subsys tem-Leve l Tes t s 

1. 

2. 

3. 

4 . 

5. 

F u l l - s c a l e lugs and pins 

Support link rod ends 

Separat ion link rod ends 

F u l l - s c a l e beam of platform 

Stowing ac tua tors 

1 Set 

1 Set 

1 Set 

1 

1 Set 

Combined-Subsys tem-Level Tes t s 

1. 

2. 

3. 

4 . 

Full set of ESS support and separa t ion 
s t ruc tu re s and mechan i sms 

Stowing ac tua tors 

Aft body stat ic tes t a r t i c le 

Aft body fatigue tes t a r t i c l e 

not added 
ha rdware 

2 

2 Sets 

0 

0 
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10. 0 GLOSSARY 

The following definitions a r e applicable to the tes t plan. They a r e 
subject to change with the completion of other acquisit ion p lans . 

Acceptance The act by which the cus tomer approves specific 
s e rv i ce s rendered or acknowledges that cer ta in 
specific a r t i c l e s or end i t ems a r e in conformity 
with the contract and/or with applicable Class I 
documents . 

Acceptance t e s t s Tes t s to verify that the end- i tem hardware con­
forms to the applicable specification for p e r ­
formance as a bas i s for acceptance . Also, 
where applicable, t e s t s to confirm that the end-
i tem per formance and configuration is equivalent 
to a previously certified end i tem. 

ACPS 

Aerodynamics 

Attitude control propulsion subsys tem. 

The branch of dynamics that t r e a t s (1) the motion 
of a i r and other gaseous fluid and (2) the forces 
acting on solids in motion re la t ive to such fluids. 

ASIL 

APS 

Avionics Subsystems Integration Labora tory . 

Auxil iary propulsion subsys tem (composed of the 
ACPS and OMS). 

Attitude The posit ion of a vehicle as de termined by the 
inclination of i t s axes to the re la t ive wind. 

Breadboard 

Checkout 

A subsystem or functional port ion of a subsystem 
assembled schematical ly co r rec t but not pack­
aged in the final configuration and not necessa r i ly 
using qualified components. Used during develop­
ment test ing to a sce r t a in the feasibility of a 
design approach. 

A sequence of functional, operat ional , v isual 
inspect ions or cal ibrat ion t e s t s to de te rmine the 
condition and status of system equipment or e l e ­
ment thereof. 
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COFI Checkout fault isolat ion. 

Combined subsys tems 
t e s t s 

Any tes t that involves the operat ion and in te r ­
dependence of two or m o r e subsys tems through a 
common interface (or in ter faces) . 

Common data base 

Common use 

Commonality 

Diverse data collected and s tored in a compatible 
format with a minimum of redundancy and s t r u c ­
tured in a manner that p e r m i t s t imely data 
corre la t ion and r e t r i e v a l . 

Use of an i tem in, or in conjunction with, mu l ­
tiple p rog ram support appl icat ions. 

Any i tem of ha rdware , m a t e r i a l s , software, or 
any se rv ices common to or having equal usage 
with two or more sys tem p r ime elements (i. e. , 
ESS, o rb i t e r , boos te r , payload module, or a s s o ­
ciated ground sys tems) that can be developed, 
p rocured , or per formed in a common manner . 

Component Any self-contained par t or unit that pe r fo rms a 
dist inctive function n e c e s s a r y to the operation 
of a sys tem. 

Constra int network 

Contract end i tem (CEI) 

A por t raya l of the verif icat ion r equ i remen t s of 
an end item showing the sequence of verif icat ion 
operat ions and the appropr ia te ra t ionale for each 
component / subsys tem. The network also depicts 
the p re requ i s i t e s and the const ra in ts that r equ i re 
a p resc r ibed level of verif icat ion by one 
component / subsys tem before being operated with 
another i tem. The constra int network will ensure 
that al l tes t r equ i r emen t s a r e satisfied with a 
minimum of redundant tes t ing. 

A contract end i tem is defined in the contract and 
normally is an i tem that has a functional entity 
capable of being controlled through a separa te 
par t number and ser ia l number . 

Controllabil i ty The quality of a vehicle that de t e rmines the ease 
of operating i ts th rus t vector controls and the 
effectiveness of th rus t vector control d i sp lace­
ment in producing change in flight at t i tude. 
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Crit ical i ty I A m e a s u r e of the c r i t i ca l na ture of a function 

that , if a failure were to preclude satisfactory-
per formance of that function, would make loss of 
crew m e m b e r s ' l ives or vehicle imminent . 

Cri t ical i ty II A m e a s u r e of the c r i t i ca l nature of a function 
that , if a failure were to preclude sat isfactory 
per formance of that function, would cause one or 
more of the following conditions to occur , depend­
ing on the par t icu la r t ime in the miss ion of the 
failure: (1) immedia te (safe) mission-f l ight 
te rmina t ion , (.2) unscheduled te rmina t ion of the 
next planned ea r th impact a r e a , (3) loss of p r i ­
m a r y and /o r secondary miss ion object ives, and 
(4) launch scrub or delay. 

DCM 

Development 

Development t e s t s 

Data and control management subsys tem. 

The p r o c e s s of advancing from one state or con­
dition to an improved condition and/or the 
achievement of improved capability as an out­
growth or der ivat ive of a previous capability. 

Tes t s employed as a par t of the development 
p r o c e s s to verify design predic t ions , to d e t e r ­
mine the feasibility of the design approach, to 
develop tes t and checkout p r o c e d u r e s , to a s c e r ­
tain the r e sponses to st imuli or combination of 
s t imuli that a r e difficult to predic t accura te ly , 
and to provide confidence in the ability of the 
hardware to pass qualification t e s t s . 

End i tem A complete functional item of equipment, a 
separa te entity normal ly capable of being con­
t rol led through a separa te pa r t number and 
se r i a l number . 

Facil i ty A permanent or semipermanent functional capa­
bility that is built , instal led, or es tabl ished to 
per form a par t i cu la r function or to se rve a 
par t i cu la r purpose . 

Fa i lu re mode and effect 
analysis (FMEA) 

A sys temat ic evaluation of a sys tem or subsys ­
tem design, analyzed to the component level , to 
find the possible modes of failure and de te rmine 
thei r effect on the sys tem. 
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G r o u n d t e s t s Any t e s t s p e r f o r m e d on t h e g round a s oppos ed to 

flight t e s t s p e r f o r m e d in a f lying v e h i c l e . I n c l u d e s 
wind t u n n e l t e s t s , s u b s y s t e m d e v e l o p m e n t and 
qua l i f i c a t i on t e s t s , s i m u l a t i o n t e s t s , e t c . 

GN&C G u i d a n c e , nav iga t ion , and c o n t r o l 

I n t e g r a t e d s y s t e m s t e s t A t e s t of t h e p r i m e i t e m invo lv ing m u l t i p l e s u b ­
s y s t e m o p e r a t i o n to ve r i fy the o v e r a l l c apab i l i t y 
of t h e flight s u b s y s t e m s to m e e t t h e m i s s i o n p e r ­
f o r m a n c e r e q u i r e m e n t s a s a t o t a l or i n t e g r a t e d 
s y s t e m and to ve r i fy tha t the s u b s y s t e m s a r e 
p h y s i c a l l y , func t iona l ly , and o p e r a t i o n a l l y c o m ­
p a t i b l e w i th e a c h o the r and w i th m a t i n g g round 
s u p p o r t func t ions . 

L a u n c h c o m p l e x A c o l l e c t i o n of a l l of the s u p p o r t e q u i p m e n t , s e r ­
v i c i n g e q u i p m e n t c o m p u t e r s , c o m m u n i c a t i o n 
e q u i p m e n t , and a l l r e l a t e d s e r v i c e s r e q u i r e d at 
the l a u n c h s i t e to p e r f o r m the countdown and 
l a u n c h of t h e s hu t t l e v e h i c l e . 

Q u a l i f i c a t i o n The d e t e r m i n a t i o n , p e r f o r m e d w i t h a p p r o p r i a t e 
r i g o r , t ha t an i t e m of h a r d w a r e m e e t s it s p e c i ­
fied d e s i g n and p e r f o r m a n c e r e q u i r e m e n t s 
t h r o u g h o u t the p r e d i c t e d e n v i r o n m e n t s or c o m b i ­
n a t i o n of e n v i r o n m e n t s w i th d e s i g n a t e d m a r g i n . 
Q u a l i f i c a t i o n can be a c c o m p l i s h e d by a n a l y s i s of 
d a t a , by s i m i l a r i t y , by d e m o n s t r a t i o n , by t e s t , 
or by s o m e c o m b i n a t i o n of t h e s e m e t h o d s . 

Q u a l i f i c a t i o n t e s t A t e s t p e r f o r m e d w i th a p p r o p r i a t e r i g o r on 
s e l e c t e d h a r d w a r e of p r o d u c t i o n con f igu ra t i on and 
m a n u f a c t u r e d by p r o d u c t i o n p r o c e s s e s to ve r i fy 
tha t the i t e m m e e t s the d e s i g n and p e r f o r m a n c e 
r e q u i r e m e n t s wh i l e be ing s u b j e c t e d to t h e w o r s t -
c a s e p r e d i c t e d e n v i r o n m e n t o r c o m b i n a t i o n of 
e n v i r o n m e n t s w i th spec i f i ed m a r g i n s a s def ined 
in a p p l i c a b l e s p e c i f i c a t i o n s . The t e s t s a r e con ­
d u c t e d a s a f o r m a l d e m o n s t r a t i o n of d e s i g n and 
p e r f o r m a n c e a d e q u a c y . 
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Reynolds number 

Mating a r e a 

A nondimensional coefficient used as a m e a s u r e 
of the dynamic sca le of a flow. Its usual form is 
the fraction PVI/p in which P is the density of 
the fluid, 1 is a l inear dimension of a body in the 
fluid, p i s the coefficient of v i scos i ty of the fluid, 
and V is the velocity re la t ive to the fluid. 

A specific a r e a at the launch facility set as ide 
and proper ly equipped for the assembly operation 
of mating the ESS and booster p r io r to launch. 

Mission- c r i t i ca l A function or ha rdware item whose successful 
operat ion is e ssen t i a l to the sat isfactory execu­
tion of the intended miss ion . 

MPS 

OMS 

Operat ional facility 

Operat ions plan 

Pogo 

Safing a r e a 

Main propuls ion subsys tem. 

Orbit maneuver ing subsys tem. 

A facility devoted to performing al l or par t of 
the functions assoc ia ted with the operat ional 
a spec t s of the ESS/booster vehicle. 

Document that d e s c r i b e s the r equ i rement s and 
sequence of t a sks for operat ion and maintenance 
of the ESS/booster system to ensure capability 
to per form a var ie ty of orbi ta l mis s ions . 

An in teract ion among fue l -p res su re pulsa t ions , 
c h a m b e r - p r e s s u r e fluctuations, engine- thrus t 
va r ia t ions , vehicle s t ruc tu ra l deflections, and 
l ine / tank volume change producing a divergent 
longitudinal osc i l la tory coupling that can r each 
levels hazardous to the vehicle s t ruc tu re and-
thereby impai r flight crew safety. 

An a r e a of, or adjacent to, the p r ime landing 
s i te specifically dedicated to and equipped for 
render ing the booster safe (1) for personnel 
i ng res s and e g r e s s and (2) with r e spec t to the 
functional integri ty of the vehicle after re turning 
from a miss ion . 

Scale effect The change in any force coefficient, such a s the 
drag coefficient, due to a change in the value of 
the Reynolds number . 
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Shuttle sys tem A collection of reusab le p r ime sys tem elements 

(orbi te r , boos te r , payload module, and ground 
systems) and re la ted supporting ha rdware , soft­
ware , pe rsonne l , and consumables that provide 
a capability for the del ivery and /o r r e t r i e v a l of 
personnel and /o r cargo into a var ie ty of low ear th 
orb i t s at min imum cost. 

Software Punched c a r d s , punched or magnet ic t apes , etc. 
used to control the operat ion of semiautomat ic 
or automatic devices . 

Stability 

Stability, d i rec t ional 

Stability, dynamic 

Stability, inherent 

That p roper ty of a body that causes it, when d i s ­
turbed from a condition of equil ibrium or steady 
motion, to develop forces or moments that tend 
to r e s t o r e the body to i ts or iginal condition. 

Stability with re fe rence to d is turbances about the 
normal axis of an a i rcraf t ; i. e. , an a i rplane 
p o s s e s s e s d i rec t iona l stability in i ts s implest 
form if a r e s to r ing moment comes into action 
when it is given a smal l angle of yaw. 

That p roper ty of an a i rc raf t that causes it, when 
its s tate of steady flight is d is turbed, to damp the 
osci l la t ions set up by the res to r ing forces and 
moments and gradually r e tu rn to i t s or ignal s ta te . 

Stability of an a i rc raf t due solely to the d i spos i ­
tion and a r r angemen t of i ts fixed p a r t s ; i. e. , that 
proper ty which causes it, when dis turbed, to 
r e t u r n to i ts n o r m a l attitude of flight without the 
use of the controls or the interposi t ion of any 
mechanica l device.. 

Stability, l a t e ra l 

Stability, longitudinal 

Stability with re fe rence to d i s turbances about the 
longitudinal ax is ; i. e. , d i s turbances involving 
roll ing or sidesl ipping. The t e r m l a t e r a l stability 
is somet imes used to involve both d i rec t ional and 
l a t e ra l stabili ty since these cannot be entirely 
separa ted in flight. 

Stability with r e fe rence to d is turbances in the 
plane of symmet ry ; i. e. , d i s turbances causing 
a i rp lane pitching and var ia t ion of the longitudinal 
and no rma l veloci t ies . 
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Stability, s ta t ic 

Subsystem 

Support equipment 

System 

Test flows 

Test logic 

Test logic and 
constraint network 

That p roper ty of an a i rcraf t that causes it, when 
i ts s ta te of steady flight i s d is turbed, to develop 
forces and moments tending to r e s t o r e i ts o r ig i ­
nal condition. 

A major functional par t of a sys tem essen t ia l to 
the operat ional completeness of the sys tem. 

All equipment requi red to support the operat ion 
a n d m a i n t e n a n c e of the vehicle and all i ts a i r ­
borne equipment. 

A composi te of equipment, sk i l l s , and techniques 
(including al l re la ted faci l i t ies , equipment, m a t e ­
r i a l , s e r v i c e s , and personnel) that i s capable of 
performing a c lear ly defined function in the 
achievement of an objective. 

A d iagram showing the sequence of t e s t s to be 
per formed on an item of ha rdware . 

The ra t ionale for performing a s e r i e s of t e s t s in 
a pa r t i cu la r sequence. 

See constra int network. 

Vendor tes t ing Tes t ing by a vendor or subcontractor on his 
product p r io r to del ivery to the p r ime contrac tor 
or cus tomer . 

Wind tunnel An appara tus producing an ar t i f ic ia l wind or a i r 
s t r e a m in which objects a r e placed for investigat­
ing the a i r flow about them and the aerodynamic 
forces exerted on them. 
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SECTION V. LOGISTICS AND MAINTENANCE PLAN 

1. 0 INTRODUCTION 

1. 1 OBJECTIVE 

The objective of this section is to define and es tabl ish the ESS P r o g r a m 
requ i rement s for maintenance and logist ics activity that will provide effective 
and economical support of the ESS P r o g r a m tes t and operat ions effort within 
schedule cons t ra in t s . 

1. 2 SCOPE AND CONTENT 

The Logis t ics and Maintenance P lan provides a descr ip t ion of ma in te ­
nance act ivi t ies requ i red to support the tes t and operat ions effort on the 
ESS vehicle and support equipment at the s tat ic firing and launch s i te . The 
plan also identifies the supporting e lements requ i red to conduct the main te ­
nance act ivi t ies and deta i ls the r equ i r emen t s on which the support sys t ems 
will be developed. The plan also cons iders the ESS ea r th orbi ta l ha rdware 
removal from a maintenance design standpoint and the r euse of this 
hardware . 

Hardware remova l , r e t r i e v a l , and r e t u r n to ea r th operat ions a r e 
covered under the Operat ions P lan (Section I of this volume). The plan is 
divided into sect ions which del ineate the r equ i r emen t s and the approach to 
satisfying these r equ i r emen t s for each of the major logis t ical support 
e lements . Initially, the ground ru les a r e identified that provide the con­
s t ra in ts within which the plan is formulated. The maintenance concept 
section defines the maintenance leve ls , the concepts to be developed, and the 
support r equ i r emen t s analys is utilized as the cen t ra l integrat ing function for 
all support planning effort. Maintainabili ty is presented as a r equ i rement to 
be incorporated in ear ly des ign to min imize the expenditure of t ime , p e r s o n ­
nel ski l ls , and logis t ics r e s o u r c e s under the planned maintenance environ­
ment. The support equipment section depicts the re la ted maintenance , 
s torage, control , and support needs . Field support se rv ice ac t iv i t ies a r e 
depicted that include the r equ i r emen t s for establishing site support and 
activation. The r equ i r emen t s for t r anspor t ing the stage and support equip­
ment i tems between the manufacturing, s ta t ic f i r ing/ launch site a r e 
depicted. Supply support r e q u i r e m e n t s include the management and control 
sys tems for the p rocess ing , acquisi t ion, and refurbishment of stage support 
equipment s p a r e s , and modification kits and m a t e r i a l s to support site 
operat ions . Customer and contractor t ra ining considerat ions a r e identified 
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for the operat ions and maintenance personnel . Final ly , packaging r e q u i r e ­
ments a r e depicted which include the protect ion of vehicle and support 
equipment, a s s e m b l i e s , components, and spa res during handling t ranspor ta­
tion and s torage phases . 

1. 3 REFERENCE DOCUMENTS 

SID 62-286 S-II Logis t ics Implementat ion Plan 

SID 62-1222 S-II Maintenance Concept for Saturn 

SD 71-106 Space Shuttle Logis t ics and 
Maintenance Plan for Phase C/D 

1.4 GROUND RULES 

The ESS Logis t ics and Maintenance Plan is predicated on the following 
ground ru l e s : 

1. Launch ra t e - two per year 

2. Duration of launches - ten ye a r s 

3. Stages 1 and 2 will undergo KSC s ta t ic firing 

4. Six ESS shuttle engines (two per ESS) will be utilized for init ial 
instal lat ion, r ecovery , refurbish.and r ecyc le . 

Five se ts of r ecoverab le avionics packages will be utilized for 
init ial instal lat ion, recovery, and recyc le . 

Two engines and four engine ac tua tors plus avionics packages 
constitute one set of r ecovered , and re ins ta l led hardware . 

New design concepts , as identified by Engineering, will be 
analyzed and evaluated for feasibility of support with existing 
S-II hardware and documentation. 

5. Stages 1 through 3 will undergo init ial engine instal lat ion and 
checkout at Seal Beach. Stage 4 and subsequent s tages will 
undergo engine instal lat ion and checkout at the launch s i te . 

6. Stages 1 through 5 will undergo ini t ial avionics ( recoverable) 
package instal lat ion and checkout at Seal Beach. Stage 6 and 
subsequent s tages will undergo recovered and refurbished 
avionics package instal lat ion and checkout at the launch si te. 
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2.0 MAINTENANCE CONCEPT 

2. 1 PURPOSE 

This section es tab l i shes r equ i r emen t s for the Phase C/D Maintenance 
Plan, which will provide a cost -opt imized ESS system maintenance p r o g r a m 
respons ive to total p rogram object ives. Space shuttle-oriented vehicles 
r equ i re different maintenance approaches than those current ly used in the 
manned spacecraft p rog ram , because of the r euse of the sys tems and the 
rapid turnaround r equ i r emen t s . The questions of "why, where , how, and 
when" to implement and accompl ish maintenance will be developed to support 
the ESS p r o g r a m r e q u i r e m e n t s . 

2. 2 CONCEPT 

The ESS maintenance concept must satisfy maintenance r equ i r emen t s 
identified for the ESS, the assoc ia ted support equipment, and the ESS-peculiar, 
faci l i t ies . The ESS maintenance concept is substantial ly s imi lar to the S-II 
p rog ram concept, but tuned to the space shuttle r equ i remen t s in t e r m s of 
min imum t ime impact to the boos te r . Maintenance at each support si te will 
general ly be l imited to remova l of the deficient i tem, instal lat ion of a 
certified like i tem, verif icat ion of the " f ix , " and calibrat ion or adjustment 
for matching or mating of the rep lacement i tem to other a s sembl i e s of the 
sys tem in which it functions. Selected support equipment end i t ems , and 
facil i t ies sys t ems as defined, will be subjected to cor rec t ive and preven ta ­
tive maintenance. The r equ i r emen t s will be detailed to the lowest r e p l a c e ­
able component and to the most p rac t i ca l level of rep lacement commensura te 
with fault isolat ion and repa i r t ime , verif ication capability, and level of 
support requ i red to maintain an overa l l cost-effective p rog ram. 

The on-board checkout equipment will provide identification of d i s ­
crepant vehicle equipment to the rep laceab le level. In many ca se s , the 
on-board checkout capability will delete the requi rement for additional 
checkout support equipment to verify cor rec t ive maintenance t a sks . 

Maintenance concepts will be developed to support the quantitative and 
quali tat ive r e q u i r e m e n t s . The concepts will identify an integrated approach, 
using engineering, logis t ics , re l iabi l i ty , opera t ions , and maintenance skil ls 
to de te rmine maintainabil i ty design per formance requ i rements and to a s s u r e 
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that maintainabil i ty is operationally developed and verified. Typical concepts, 
such as the following, shall be evaluated, developed, and implemented for 
ESS application in subsequent phases : 

1. All flight e lements will be maintainable unless sys tem rel iabi l i ty 
would be degraded to an unacceptable level by the maintainabil i ty 
fea tures . 

2. Maintenance methodology will be validated on functional ha rdware , 
or d imensional s imula to r s , in a controlled manner during the 
hardware development phase. 

3. Subsystem design and instal lat ion will consider methods to 
e l iminate , r educe , and simplify maintenance t a sks and special 
tools . 

4. Maintenance methodology and design solutions will consider 
miss ion support cos ts , with the goal to achieve minimum life 
cycle cos ts . 

5. Tradeoffs between rel iabi l i ty and maintainabil i ty will be per formed • 
to es tabl ish the best design solution for optimum p rog ram balance. 

2 .3 MAINTENANCE LEVELS 

Maintenance effort is requi red at the following th ree levels : 

Level 1. Ground Checkout: This level will be l imited to fault 
isolation, module rep lacement , subsystem servic ing and adjustment, 
and maintenance action verif ication. 

Level 2. Bench Maintenance: This level will be d i rec t support to ESS 
Level 1 maintenance for ground opera t ions . The functions may be 
performed at Seal Beach or at the launch site maintenance shops. It 
is anticipated the shuttle maintenance shops can per form all of the 
effort with minimal impact . 

Level 3. Depot Maintenance: This level of maintenance is coupled 
with complete module and subsystem overhaul , refurbishment , and 
modification capability. The locale of this effort will be the contrac tor 
facility or customer repa i r s i tes where the detailed r epa i r p a r t s or 
modification kits requisi t ioned from spa re s inventory and special 
complete overhaul capability ex is t s . Maximum effective use will be 
made of shuttle faci l i t ies . 

5-4 
SD 71-140-5 



o 
2. 4 MAINTENANCE QUALITY ASSURANCE REQUIREMENTS 

Per fo rmance of effective maintenance and support will r equ i r e 
implementat ion of a quality a s s u r a n c e operat ion consistent with each ma in te ­
nance level being per formed. Maintenance accomplished will conform to the 
applicable quality a s s u r a n c e guidelines and p rocedures . Inspection will be 
performed periodical ly and on a select ive bas i s to c r i t i ca l sequences to 
ensure that maintenance act ions accomplished a r e of acceptable quality. • 

2. 5 MAINTENANCE SUPPORT REQUIREMENTS ANALYSIS 

Maintenance support r equ i r emen t s analys is is defined as the composite 
analytical s tudies , dec is ions , and re la ted documentation made in conjunction 
with the design of an i tem to de t e rmine or influence the mainta inabi l i ty / 
supportability cha rac t e r i s t i c s of the i tem and to de te rmine the total support 
r equ i rements resul t ing from the design. The support analys is will be based 
on review of design, tes t , opera t ions , and miss ions analysis data. It is the 
centra l integrating function for al l support planning effort. The analys is is 
a continuing effort to the component level and will identify, classify, and 
descr ibe the following: ' 

1. The requ i red maintenance t a s k s , their sequences , level , and 
location 

2. Potent ia l maintenance p rob lems for solution such a s inadequate 
design considerat ion of maintenance and other support r equ i r emen t s 

3. Source maintenance recoverabi l i ty (SMR) code identifying spa re s 
and their support , consumables , and other equipment and m a t e r i a l s 
to per form the identified t a sk 

4. The quantity, sk i l l s , and t ra ining of personnel requ i red to per form 
these t a sks 

5. The requi red support documentation by type and projected use 

6. The preopera t iona l and operat ional support s y s t e m s , t r a n s p o r t a ­
tion and handling, and packaging requi red in t e r m s of quanti t ies 
and al locations 

7. The commonality of support r equ i r emen t s to d e c r e a s e the 
r e s o u r c e expendi tures . 
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2. 6 SUPPORT ANALYSIS AND PLANNING 

The logis t ics support required for Seal Beach ESS checkout and KSC 
pre launch and launch operat ions will include maintenance faci l i t ies , support 
equipment, pe r sonne l and ski l ls , support documentation, and supply support 
functions involving on- t ime supply of s p a r e s , m a t e r i a l , and hardware . A 
main tenance / suppor t analys is effort will be establ ished as an in tegral par t of 
the overa l l r e q u i r e m e n t s analys is sys tem, which is performed concurrent 
with the design p r o c e s s . The analysis will se rve to identify the total support 
r e s o u r c e s r equ i r emen t s resul t ing from the design, based on drawings, tes t , 
opera t ions , and miss ion analysis review feedback. Requi rements and impact 
on support cost will be coordinated with design to achieve the most overal l 
cost-effect ive ESS design logist ics and support optimization. 

Support maintenance planning will be per formed concurrent with the 
ana lys is . It will define the optimum support and r epa i r level and will con­
sider a l te rna te design approaches , safety, operat ing environment, r epa i r and 
d i sca rd dec i s ions , and skil ls and support equipment (SE) r equ i r emen t s . The 
planning act iv i t ies will include both ground sys t ems and flight hardware . 
The planning act iv i t ies util ize the design, operat ional p lans , safety and 
re l iabi l i ty considera t ions as the source from which the support r e s o u r c e s 
will be der ived. Included a r e the re la t ionships with subcont rac tors supplying 
GFE and their maintenance planning inputs. A contractor ESS maintenance/ 
support data collection system will be establ ished to verify the maintenance 
ana lys i s . 

2. 7 MAINTAINABILITY 

2. 7. 1 Definition 

Maintainabili ty is defined as the design cha rac t e r i s t i c that makes 
possible the p re se rva t ion or res to ra t ion of a functional element to its 
operat ional s tate with a minimum expenditure of t ime , personnel ski l ls , 
and logis t ics r e s o u r c e s under a planned maintenance environment. Maintain­
ability c h a r a c t e r i s t i c s must be included among the first design considerat ions 
for developing a ha rdware sys tem, so that maintainabil i ty can be achieved in 
a cost-effect ive manner . These cha rac t e r i s t i c s include, but a r e not limited 
to, access ib i l i ty , serviceabi l i ty , repa i rab i l i ty , commonali ty, s tandardizat ion, 
in terchangeabi l i ty , component mounting, lifting and at tach points, and 
re la ted operat ional flexibility. 

2. 7. 2 Pu rpose 

The maintainabil i ty p rogram establ ished for the vehicle and support 
equipment will (1) provide a sys temat ic method and continuous p roces s to 
promote the feasibility of SE recycle and re la ted maintenance act ivi t ies as 
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allocated by p r o g r a m operat ional r e q u i r e m e n t s , (2) minimize maintenance 
nianhours and subsequent t ra ining r e q u i r e m e n t s , and (3) i nc rease vehicle 
and support equipment availabil i ty with resul tant reduct ion in quantitative 
hardware r e q u i r e m e n t s . The sys tem will provide the c r i t e r i a , methods , 
controls , and verif icat ion for maintainabil i ty incorporated into ear ly design. 
ESS maintainabili ty s tudies will be coordinated with like studies on the space 
shuttle to ensure max imum commonality of approach and r e s o u r c e s . 

2. 7. 3 Scope 

The maintainabil i ty p r o g r a m will provide for design evaluation and the 
incorporat ion of maintainabil i ty features that will reduce maintenance 
activit ies and allow the following: 

1. Recoverable ha rdware a c c e s s , disconnection, shuttle manipulator 
a r m at tachment , and remova l and load into the shuttle cargo 
module during ea r th orbit . 

2. Hardware remove and rep lace considerat ions during ground 
opera t ions . 

3. Refurbishment of r ecoverab le ha rdware , recycl ing, and 
re ins ta l l ing . 

The maintainabil i ty p r o g r a m will provide the c r i t e r i a , ana lys is , and 
verification that maintainabil i ty is incorporated into the ear ly design. The 
impact of design changes on maintainabil i ty predic t ions and operat ional 
activit ies will be a s s e s s e d for compatibili ty with maintainabil i ty goals. 

Close l iaison between maintainabil i ty and design engineering personnel 
will be an in tegra l par t of the sys tem engineering approach to achieve the 
maintainabili ty objective. A closed-loop p r o c e s s (F igure 5-1) will be 
implemented to ensure that maintainabil i ty p rob lems a r e documented and 
resolved pr ior to final design approval . 

The maintainabil i ty (M) p r o g r a m will support the sys t ems , subsys tems , 
support equipment, and component level to provide s tandards and cha rac t e r ­
i s t ics that effectively support the maintenance environment during the p r e ­
operat ional and operat ional phases . The M p r o g r a m will include the 
following e lements : 

1. M design r equ i r emen t s 

2. M design review 

3. IA quantitative apport ionment and evaluation 
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4 . 

5. 

6. 

7. 

8. 

Tradeoff studies 

P rob lem resolut ion 

Subcontrac tor /vendor control 

P r i m e and assoc ia te con t r ac to r s ' 

M ver i f ica t ion . 

coordination 

The r equ i r emen t s of the maintainabil i ty p rog ram a r e as follows: 

1. Develop maintainabil i ty c r i t e r i a and r equ i r emen t s for sys tem and 
subsys tem per formance consistent with maintenance concepts and 
plans 

2. Conduct an analysis of design to develop maintainabil i ty qualitative 
and quantitative apport ionment and to a s s e s s actual achievement of 
defined maintainabil i ty r equ i r emen t s . 

3. Es tab l i sh a p rog ram to conduct and evaluate t r ade studies and 
problem resolut ion 

4. Invoke maintainabil i ty r equ i r emen t s on supporting suppl iers and 
vendors , 

2 . 7 . 4 Maintainability Analysis 

To ensure incorporat ion of maintainabil i ty features in the vehicle and 
support equipment s y s t e m / s u b s y s t e m design, maintainabili ty analyses will 
be conducted at ini t ial design by defining p rog ram maintainabili ty c r i t e r i a . 
Maintainability ana lyses throughout the design phase on the bas i s of the 
establ ished base l ine concepts and r equ i r emen t s will be conducted with subse ­
quent modification commensura te with the developing design and operat ional 
needs . The analyses will define specific maintainabil i ty r equ i r emen t s , 
allocation of task t i m e s , and verif ication of maintainabil i ty design features , 
maintenance t a s k s , and maintainabil i ty support r equ i r emen t s . The p roces s 
will a lso identify and reso lve a l te rna te approaches by tradeoffs , will provide 
specific maintenance r equ i r emen t s ; will es tabl i sh the level and degree of 
maintenance, and will define the scope of the maintainabil i ty features to be 
incorporated in the design. This analysis will be coordinated with space 
shuttle to provide maximum cost saving through commonality. 
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2. 7. 5 Quantitative and Qualitative Requi rements 

Both quantitative and qualitative r equ i r emen t s will be developed during 
the maintainabil i ty analysis to es tabl ish design r equ i r emen t s and const ra in ts 
for ease of maintenance. Quantitative r equ i r emen t s a r e those t ime es t imates 
allotted for maintenance to meet total t ime and manhour l imita t ions to sup­
port ESS miss ion c r i t e r i a . Qualitative r equ i r emen t s consist of the incorpor ­
ation of specific design cha rac t e r i s t i c s and philosophy into specifications and 
the physical review of design, instal lat ion, and test ing p rocedure s to meet 
maintainabi l i ty c r i t e r i a . 

2. 7. 6 Maintainability Verification 

Maintainabili ty verif icat ion r equ i r emen t s a r e identified as par t of the 
M analys is p r o c e s s . Redundant operat ions will be avoided by phasing the 
verif icat ion r equ i r emen t s into the development tes t , manufacturing, checkout, 
and tes t operat ions activity. Demonst ra t ion of the maintenance concept and 
c r i t e r i a and verif icat ion of the ability to per form maintenance will be accom­
plished with hardware as applicable events occur during the manufacturing 
tes t operat ions of the ESS. Only key maintainabil i ty r e q u i r e m e n t s , which 
cannot reasonably be proven by ana lys i s , will be given demonst ra t ion . 
Included will be such i t ems as engine and avionics package remova l which 
must be per formed in space, where , if an analys is e r r o r were made , the 
ha rdware would not be r ecoverab le . S-II exper ience should be used to 
de te rmine the demons t ra t ion requ i rement for ground maintenance operat ion. 
Apollo and Skylab exper ience should be utilized for space opera t ions . 
P r o c e d u r e s , hardware to be used, and m e a s u r e m e n t s to be taken will be 
identified as part of the verification p r o c e s s . 

2. 7. 7 Supplier Control and P r i m e Associa te Contractor Liaison 

Supplier / subcontractor p rocuremen t specifications will incorpora te 
maintainabil i ty r equ i r emen t s and es tabl i sh p rocedures for survei l lance . 
Exist ing supplier in-house maintainabil i ty p r o c e s s e s will be used where 
proven to be effective, with special ESS r equ i r emen t s added where requi red 
only. P r o c e d u r e s will be establ ished for effecting coordination and 
information exchange with the p r ime contractor and assoc ia te or major sub­
con t r ac to r s . P rov i s ions will be made for the interchange of maintainabil i ty 
information and data to support maintenance of government-furnished 
equipment (GFE) and cont rac tor - furn ished equipment (CFE). 
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3. 0 SUPPORT EQUIPMENT 

3. 1 PURPOSE 

This section es tabl i shes the r equ i r emen t s for the identification, 
definition, acquisit ion, and control of support equipment in the most cos t -
effective manner . 

3. 2 SCOPE 

The support equipment to be identified will provide equipment and 
facilities for the t e s t s and operat ions phase for launch, r ecove ry , ma in t e ­
nance, s to rage , and support needs . Included a r e the Seal Beach checkout 
operat ions . This cons iders the use of exist ing, shuttle, and new or 
modified support equipment. Space shuttle support equipment wil l be 
considered pr ior to design of any specific ESS support equipment. 

3 . 3 REQUIREMENTS 

Support equipment includes nonflight equipment and associa ted software 
that se rv ice and checkout the ESS for flight or perform support for ma in t e ­
nance ac t iv i t ies . Support equipment will be identified for the p r o g r a m 
manufacturing, tes t , or operat ions function or r equ i rement . The r e q u i r e ­
ments will be developed by an ana lys is of the p rog ram functional flow 
d i ag rams , the system level CEI specification, the physical and functional 
t es t a r t i c l e configuration, the bas ic facility c h a r a c t e r i s t i c s , and the support 
functions to be performed. Each analysis resul t ing in a support equipment 
requ i rement will be documented and indexed to a facility where the function 
will be requi red . When the support equipment sys tem is being synthesized, 
the index and associa ted r equ i r emen t s will be cor re la ted to a s s u r e comple te­
ness of the support equipment design and compliance and t raceabi l i ty to 
CEI specifications. 

The analysis is part of the planning activity d iscussed under 
Section 2. 0. 
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3.4 REQUIREMENTS DEFINITION - REQUIREMENTS SUMMARY 

1. Es tab l i sh functions and design r equ i r emen t s for each item of 
support equipment. 

2. Screen space shuttle support equipment for applicability. 

3. P r e p a r e specifications for cus tomer review pr ior to design and 
acquisi t ion. 

4. Change and update specifications when i tem function changes. 

When the need has been identified for an i tem of support equipment, 
the function to be performed by the i tem will be establ ished and the design 
r equ i r emen t s p repa red . These design r equ i r emen t s will consist of the 
cha r ac t e r i s t i c s requ i red of the support equipment to satisfy the needs of the 
function, the environments to be encountered, and the quality a s su rance and 
safety features requ i red to provide safe repeatable operat ions . The informa­
tion will be p repa red in a support system specification and end item specifica­
tion for cus tomer review before an end item is r e l eased for final design and 
acquisi t ion. The support system specification will be a contractual document, 
and all changes to it will be controlled by contract action. 

3. 5 ACQUISITION OF SUPPORT EQUIPMENT - REQUIREMENTS 
SUMMARY 

1. F o r w a r d the support equipment r equ i r emen t s documentation to the 
cus tomer . 

2. Screen the support equipment r equ i r emen t s for the government-
furnished equipment (GFE) that is avai lable. 

3. Contrac tor p r epa re a GFE reques t or fabricate or p rocure the 
i tem. 

The support equipment r equ i r emen t s and util ization will be integrated 
into a support equipment r equ i r emen t s document. The utilization will be 
c ross - indexed to each facility and will show phasing of equipment from one 
facility to another as the needs of each facility change with p rogram phasing. 
Existing and modified S-II support equipment and space shuttle support 
equipment will be utilized where applicable. The engines a r e common to the 
shuttle and ESS; the re fo re , common usage of the re la ted support equipment 
is a p r ime considerat ion. The ESS, shutt le , and S-II propel lants and p r o -
pellant t ransfe r r equ i r emen t s a r e s imi la r . Similar i ty of shuttle and ESS 
avionics subsys tems should also resu l t in common avionics checkout equip­
ment hardware r e q u i r e m e n t s . It is postulated that the S-II support 
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equ ipmen t could be modi f ied to s u p p o r t shu t t l e p r o p e l l a n t t r a n s f e r r e q u i r e ­
m e n t s . T h i s modi f ied s u p p o r t e q u i p m e n t could be u t i l i zed w i th t h e ESS, 
s i nce the shu t t l e p r o p e l l a n t t r a n s f e r r e q u i r e m e n t s e x c e e d ESS r e q u i r e m e n t s . 

The c o n t r a c t o r w i l l f o r w a r d the i n i t i a l r e q u i r e m e n t s d o c u m e n t a t i o n to 
the c u s t o m e r . C o n c u r r e n t l y , the c o n t r a c t o r and the c u s t o m e r w i l l s c r e e n 
the g o v e r n m e n t - f u r n i s h e d e q u i p m e n t i n v e n t o r y to d e t e r m i n e the a v a i l a b i l i t y 
of ex i s t i ng h a r d w a r e tha t can sa t i s fy the r e q u i r e m e n t . If t he s c r e e n i n g i s 
s u c c e s s f u l in ident i fy ing an i t e m f r o m the i n v e n t o r y , the c o n t r a c t o r w i l l 
p r e p a r e and s u b m i t a G F P r e q u e s t . Once the r e q u e s t i s a p p r o v e d , u s e of the 
G F P i t e m wi l l be r e f l e c t e d in the s u p p o r t s y s t e m s p e c i f i c a t i o n . In the event 
ex i s t i ng e q u i p m e n t i s not a v a i l a b l e , t he c o n t r a c t o r w i l l u s e e s t a b l i s h e d 
p r o c e d u r e s in a c q u i r i n g the n e c e s s a r y e q u i p m e n t . 

3. 6 C O N T R O L O F S U P P O R T E Q U I P M E N T - R E Q U I R E M E N T S SUMMARY 

1. E s t a b l i s h a s y s t e m to c o n t r o l the a l l o c a t i o n and m o v e m e n t of 
s u p p o r t e q u i p m e n t . 

2. M a i n t a i n s u p p o r t e q u i p m e n t c o n f i g u r a t i o n d a t a and c h e c k a g a i n s t 
p r o g r a m h a r d w a r e to a s s u r e con f igu ra t i on knowledge . 

3. E s t a b l i s h a m a i n t e n a n c e p r o g r a m on the s u p p o r t e q u i p m e n t . 

The c o n t r a c t o r wi l l be r e s p o n s i b l e to m a n a g e the s u p p o r t e q u i p m e n t 
a s s e t s to sa t i s fy t h e p r o g r a m n e e d s . T h e s u p p o r t e q u i p m e n t r e q u i r e m e n t s 
and u t i l i z a t i on d o c u m e n t iden t i f ied in p a r a g r a p h 3. 5 wi l l be u sed a s the 
p r i m e d o c u m e n t to c o n t r o l t he a l l o c a t i o n and m o v e m e n t of a l l s u p p o r t 
equ ipmen t to the p r o g r a m ' s o p e r a t i n g f a c l i i t i e s . The d o c u m e n t wi l l be 
m a i n t a i n e d in a c u r r e n t condi t ion and wi l l r e f l e c t l o c a t i o n and u s e of e a c h 
iden t i f i ab le i t e m of e q u i p m e n t . The d o c u m e n t wi l l a l s o r e f l e c t the 
equ ipmen t con f igu ra t i on iden t i f i ca t ion . The c o n t r a c t o r wi l l r e l a t e t h i s 
d o c u m e n t to the p r o g r a m h a r d w a r e conf igura t ion m a n a g e m e n t s y s t e m to 
a s s u r e con t inuous knowledge of s u p p o r t e q u i p m e n t con f igu ra t ion . 

In a d d i t i o n to the s u p p o r t e q u i p m e n t m a n a g e m e n t s y s t e m , the c o n t r a c t o r 
wi l l a l s o e s t a b l i s h a m a i n t e n a n c e p r o g r a m for the suppor t e q u i p m e n t to obta in 
m a x i m u m s e r v i c e a b i l i t y and u t i l i z a t i o n of the equ ipmen t . O n - c o n d i t i o n c o r ­
r e c t i v e m a i n t e n a n c e wi l l be r e q u i r e d to c o r r e c t o u t - o f - t o l e r a n c e cond i t ions 
and to r e c o v e r f rom m a l f u n c t i o n s ; but the m a j o r e m p h a s i s , p a r t i c u l a r l y on 
m e c h a n i c a l e q u i p m e n t , w i l l be p lanned p r e v e n t i v e m a i n t e n a n c e p r o g r a m 
b a s e d on e x p e c t e d u s a g e , d e s i g n l i fe , and e s t a b l i s h e d p e r i o d i c s e r v i c e and 
p a r t s r e p l a c e m e n t . In add i t ion to d e s i g n d a t a , the h i s t o r y of ma l func t i ons 
and r e p a i r s wi l l be c o m p i l e d d u r i n g e a r l y p r o g r a m u s e for upda t ing the 
p lanned m a i n t e n a n c e p r o g r a m . 
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4. 0 FIELD SUPPORT SERVICE 

4. 1 PURPOSE 

This section provides the requ i rements for the es tabl ishment of a 
field support se rv ice during Phase C/D, which defines the support s e rv i ce s 
and m a t e r i a l s for t es t , s tat ic firing, and operat ional s i t e s . 

4.2 SCOPE 

The site support functions will be establ ished for the tes t and o p e r a ­
tional p r o g r a m phases for both the ESS and the ground s y s t e m s . The 
support s e rv ices r equ i r emen t s for tes t functions and operat ional levels of 
maintenance will be s tandardized, in tegrated, and central ly managed where 
poss ible . 

4. 3 SITE SUPPORT - REQUIREMENTS SUMMARY, PHASE C/D 

1. Define and implement a site support p r o g r a m that cons iders the 
commonali ty of the Space Shuttle P r o g r a m . 

2. Define requi red support s e rv ices by s i te . 

3. Standardize support where poss ib le . 

4. Define a r t i c l e s to be supported, maintenance l eve l s , and 
personnel r equ i r emen t s . 

5. Define a sys tem to accommodate design changes to site support 
equipment. 

6. Define a sys tem for development of usage data. 

7. Define support manual r equ i r emen t s . 

8. Define tenancy faci l i t ies . 

4. 4 SUPPORT SERVICES 

The requ i rement s for support s e rv ices and r e s o u r c e s at specific 
per iods during the site activation and subsequent operat ional phases shall be 
identified during the Phase C/D ac t iv i t ies . The al location of these r e s o u r c e s 
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provides the faci l i t ies , ha rdware , personnel t ra ining, and data neces sa ry to 
a s s u r e adequate schedule and per formance attendant to site ac t iv i t ies . This 
will include defining the GFE that should be made available to support the 
p rog ram, space, and warehousing requ i rement s for s torage and deployment 
of spa res consumables , support m a t e r i a l , and test equipment. Field support 
s e rv ices will s ta r t with activation of the site e lements requi red to support 
the first s tage. Following detailed planning during Phase C/D, site modif i­
cation and construct ion requ i rement s will be established in p repara t ion for 
equipment ins ta l la t ions . Faci l i ty activation responsibi l i t ies a r e under the 
cognizance of NASA. Support equipment and re la ted facility interfacing is 
the responsibi l i ty of the cont rac tor . Supply support act ivi t ies pertaining to 
sparing r equ i r emen t s and provisioning a r e d iscussed under Section 7. 0. The 
activation of the f irs t on-s i te construct ion/modif icat ion will be the s ta r t of 
site support . Site support will continue from this point through completion 
of the ESS p r o g r a m . 

Si te -pecul ia r r equ i rement s for tes t and operat ions p r o g r a m support 
include the following: 

1. A sys tem to accommodate design changes to con t r ac to r - and 
government-provided equipment, spa r e s , and r epa i r pa r t s for 
vehicle and support equipment at each s i te . 

2. Collection and uti l ization of equipment usage data. 

3. A sys tem and capability to accompl ish maintenance, r epa i r , and 
overhaul of vehic les , s p a r e s , and support equipment at each s i te . 

4. Technical support manuals for each s i te . 

5. The space and tenancy facili t ies required at each site for 
personnel and equipment. 

6. Data p rocess ing capability to be used for collecting, storing, and 
providing data, including rel iabi l i ty , maintainabil i ty, maintenance, 
quality, and safety information. 

7. A t ra ining p r o g r a m based on site support needs . 

4. 5 MATERIAL ACCOUNTABILITY AND INVENTORY - REQUIREMENTS 
SUMMARY 

The cont rac tor will es tabl ish a logis t ics support center at the launch 
s i te . The center will be responsible for the receipt , documentation, s torage , 
and i s sue of support equipment, vehicle and support equipment s p a r e s , 
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modification ki ts , and for the p rocess ing of unserv iceable r epa rab le s and 
inventories of usage ha rdware . In the case of refurbishment , the center will 
provide for the packing and routing of recovered ha rdware to the Seal Beach 
or supplier refurbishing facility. The center and methods will be common 
with space shutt le . 

4. 6 FACILITY MAINTENANCE - REQUIREMENTS SUMMARY 

1. Es tabl i sh maintenance r equ i remen t s and frequencies for ESS 
facil i t ies ins ta l la t ions in conjunction with the r equ i r emen t s of the 
space shutt le. 

2. Refurbish launch faci l i t ies and pe r fo rm prevent ive maintenance . 

The contrac tor will es tab l i sh the maintenance r equ i remen t s and 
frequencies for maintenance on facility ins ta l la t ions which he fabr icates or 
modifies, or which he p r o c u r e s and ins t a l l s . The contrac tor will refurbish 
the launch facility after launch and pe r fo rm prevent ive maintenance on 
facil i t ies, equipment and sys tems uti l ized for maintenance and launch 
prepara t ion of the ESS vehic le . 

4. 7 SITE ACTIVATION 

The cont rac tor will identify the site act ivation r equ i r emen t s for the 
ESS stat ic firing launch operat ions s i te . The scope of the site activation 
activit ies descr ibed entails the planning and implementat ion requ i rements 
for support equipment ins ta l la t ion activation and validation so as to a s s u r e 
compatibility of facility, support equipment, and ESS subsys tems and i n t e ­
gration with the shuttle booster in t e r faces . The activity includes the 
general activation planning, scheduling, and staffing; the receipt , assembly , 
installat ion, tes t , and integrat ion of si te equipment; and validation to 
demonst ra te that the instal led equipment i s capable of per forming i ts 
intended purpose . Fac i l i t ies construct ion requ i rements and instal la t ion 
sequences will be es tabl ished and schedules developed. The requ i rements 
for interface act ivi t ies with assoc ia te con t rac to r s and the cus tomer will be 
defined for coordination and monitor ing to provide status and schedule data 
and will include contrac tor and cus tomer management vis ibi l i ty p r o c e s s e s 
for information and control action. 

Requirements for Phase C/D (Coordinated with Space Shuttle) 

1. Es tabl i sh a site activation and deployment m a s t e r and detailed 
schedule sys t em capable of p rog ramming and controlling ESS 
site activation and deployment events and functions. The schedule 
sys tem will graphical ly depict mi les tones , accompl i shments , and 
status to pe rmi t p r o g r a m vis ibi l i ty and control . 
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Define and es tabl i sh site activation plan and detail r equ i rements 
for the ESS s i tes , including ha rdware , t es t equipment, manning, 
operat ing sys t ems , and interface respons ib i l i t i e s . 

Develop a site activation (S/A) analysis and planning phase stating 
the r equ i remen t s of an S/A m a s t e r plan, an interface control 
document sys tem, a construct ion drawing review system, and 
site act ivation change control and r equ i r emen t s ana lys is . 

Define an S/A and deployment total support sys tem. The support 
sys t em will cover the site act ivation development, activation, and 
site tu rnover phases . The support sys t em will de termine the 
cont rac tor s r equ i rement s for spa re s support, r epa i r , and 
modif icat ions; also inventory management and software r e q u i r e ­
men t s . In addition, site G F P support, t ranspor ta t ion , and base 
support r equ i rement s and functions for the ESS si tes will be 
defined as par t of the support sys t em. 

Es tab l i sh r equ i remen t s and responsibi l i ty at the site for interface 
commonali ty, schedules , and daily coordination. Cover functions 
for the in tegra to r cont rac tor , a s soc i a t e s , and cus tomer . 

Implement a p rocedure to rece ive , s to re , control , and i s sue all 
site activation m a t e r i a l s and software. Descr ibe the operat ions 
p rocedure and inventory management r equ i remen t s and cont ro ls . 

Initiate assembly , instal lat ion, and checkout of support equipment 
at the activated ESS si te . Commence instal la t ion and checkout of 
physical in ter face , support equipment, fluid and e lec t r i c sys tem, 
tooling, s tands, e tc . 

During the activation checkout, and after completion of the 
activation phase at the specific ESS s i t e s , ver if icat ion and c e r ­
tification a r e requi red . Verification and cert i f icat ion will include 
document review, physical inspect ion, survei l lance , and demon­
s t r a t ions . Orderly turnover to the ESS operat ions phase will 
complete site activation. 
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5. 0 TRANSPORTATION 

The cont rac tor will provide the p lans , t ranspor ta t ion , and handling 
protect ion r equ i remen t s for the ESS, support equipment, and spa re s during 
handling, t ranspor ta t ion , and s torage phase s . The requ i rement s will reflect 
an efficient and cost-effective t r an spo r t capability of all i t ems to and from 
the static firing launch and ha rdware recovery s i t e s . The t r anspor ta t ion 
sys tem will p r i m a r i l y ut i l ize a capability s imi la r to the S-II. The shuttle 
launching or fe r ry s i tes will be util ized for t r anspor t ing recovered hardware 
di rect ly to the cont rac tor or supplier for refurbishment as applicable. 

5. 1 TRANSPORTATION SYSTEM REQUIREMENTS 

The t r anspor ta t ion sys tem requ i remen t s will be identified for each 
t ranspor tab le i t em. The S-II P r o g r a m t ranspor ta t ion capability will be 
a s se s sed for applicabil i ty to the ESS P r o g r a m . Typically, the S-II stage 
t r a n s p o r t e r will be uti l ized for t r anspor t ing the ESS between the manufac tur ­
ing and launch s i t e s . Modification to the S-II stage t r a n s p o r t e r pallet will 
be required because of the shor te r length of the ESS. ESS-peculiar i t ems 
will be identified and the following cha rac t e r i s t i c s evaluated and identified. 

1. Complexity and fragil i ty of i t em 

2. Quantity and del ivery schedule 

3. Availability of t r an spo r t conveyance 

4. P ro tec t ion of i t em afforded by t r an spo r t veh ic le . 

5.2 DOCUMENTATION REQUIREMENTS 

An ESS t r anspor t a t ion r equ i remen t s specification will be p repa red . 
The specification will be essen t ia l ly in accord with the following NASA 
publication: 

NHB6000. 1 (1A) Requi rements for Packaging, Handling and T r a n s ­
por ta t ion for Aeronaut ical and Space Systems 
Equipment and Associated components . 
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A t r anspo r t data sheet will be p repa red and maintained for the 

t ranspor tab le i t e m s . The data sheet will contain the following types of 
information: 

Weight and s ize 

Special protect ion requ i rement s and handling methods 

I n - t r a n s i t monitoring requ i rements 

Packaging and handling considerat ions a r e identified under Section 10. 0. 
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6. 0 PROPELLANTS, PRESSURANTS, AND COOLANTS 

This sect ion recognizes the r equ i r emen t s for prope l lan ts , p r e s s u r a n t s , 
and coolants in support of the ESS at the tes t and operat ional s i t e s . Quality 
and quantity r equ i remen t s must be forecas ted . Since ESS and shuttle quality 
r equ i rement s a r e s im i l a r , the ESS quantity r equ i r emen t s can be forecas ted 
along with the shuttle r equ i r emen t s . The ESS quantity r equ i remen t s a r e 
substantial ly l ess than those anticipated for the shutt le . The use of protected 
shuttle s to rage , as planned capability, is an objective. 
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7. 0 SUPPLY SUPPORT 

7. 1 PURPOSE 

This section desc r ibes the r equ i r emen t s for establishing a supply 
support inventory management capability to a s s u r e availabili ty of support 
r e sou rce s defined in paragraph 4. 0 for maintenance and other operat ional 
act ivi t ies . These support r e s o u r c e s include s p a r e s , suppl ies , and w a r e ­
housing. The p r i m a r y objective of the supply support inventory management 
function is to define the r e s o u r c e s , r e q u i r e m e n t s , schedules , and manage ­
ment techniques needed to provide maintenance and other operat ional support 
capabili t ies at minimum cost consistent with ESS schedule r equ i r emen t s . 
This includes the r equ i remen t s for r ecove red hardware refurbishment and 
recycling and the resupply of support r e s o u r c e s . 

7. 2 SCOPE 

Supply support covers the t e s t and operat ions act ivi t ies and entails the 
following r equ i remen t s consistent -with the maintenance concept. 

Provis ioning 

Acquisition 

Refurbishment 

Inventory management . 

7. 3 PROVISIONING 

This sect ion des cr ibes the activit ies involving concurrence and approval 
of the var ious categories of spa re s provisioning. Spares selected under the 
supply support activity a re from the candidates that a re identified in the 
Maintenance Analysis . Concurrence meet ings for provisioning of spa re s a r e 
convened; those attending a r e r ep re sen t a t i ve s of the various d isc ip l ines , 
i . e . , Engineer ing, Mate r ia l , e tc . , and may include the cus tomer r e p r e s e n ­
tative. High-dol lar -va lue spa re candidates will be reviewed by, and approved 
by, the customer at a spa res provisioning meeting. Long lead i t ems that 
a r e requi red to meet an operat ional date will be procured through an in ter im 
r e l ea se sys tem. Low-cost , high-usage bulk hardware will be provisioned in 
economical quantit ies consistent with p rogram application and will not 
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r equ i re concur rence meeting review. Affected ha rdware , p r ior to r e l ea se 
for acquisi t ion, will be screened for availabili ty from the S-II and Shuttle 
P r o g r a m , cur ren t and government inventory. A P r i ced Spare P a r t s List 
(PSPL) will be submitted to the cus tomer at 90-day in te rva l s . 
7. 3. 1 Spares Configuration Control 

Continual review of basel ine documentation is requi red to monitor 
configuration changes. When changes affect s p a r e s , the spare will be 
removed from inventory for modification or te rminat ion . 

7. 3. 2 Acquisition of Spares 

Acquisit ion will be initiated through documentation authorizing fabr ica­
tion or p rocuremen t of hardware for del ivery to a specified requ i rement 
schedule. Del ivery schedules will provide ha rdware concurrent with 
activation of the equipment to be supported. Specific i tems identified for 
phased p rocuremen t due to cost, lead t ime,and usage frequency cons idera­
tions will be subject to acce le ra ted production lay-in. 

All spa re p a r t s will be inspected and accepted to ESS specifications. 
Spares will be cleaned, p r e se rved , packaged, and marked in accordance 
with governing d i r ec t ives . They will be del ivered and documented by a 
DD250 form. The contractor will re ta in custody and control of spa r e s . 

7. 3. 3 Reuse of Retr ieved Hardware 

The ha rdware re t r ieved from the ESS during ea r th orbit a re the main 
propulsion engines and recoverab le avionics packages . The recovered 
ha rdware , after visual and physical inspect ion and refurbishment , as n e c e s ­
sa ry , will be re ins ta l led and checked out. The ha rdware r euse utilization 
schedule is depicted in Table 5 -1 . Reuse of main propulsion engines will be 
in ESS Vehicles 4 through 20. ESS Stages 6 through 20 will utilize refurbished 
avionics packages . Final ly , ESS 6 and subsys tem stages utilize totally 
re t r i eved and reused avionics packages and engines. Refurbishment of the 
recovered ESS hardware will be performed consis tent to the space shuttle 
refurbishment of s imi la r hardware . 

7. 3. 4 Inventory Management 

A centra l ized inventory management and control sys tem will be 
establ ished over al l s i tes inventory uti l ization. Information on available 
p a r t s (quantit ies and locations) and pa r t s t r ansac t ions will be maintained. 
A mechanized sys tem provides visibili ty of spa re inventory on a r e a l - t i m e 
bas i s and for a resupply notification when a minimum spare par t balance has 
occur red . The sys tem also includes r e c o r d s of modification k i t s . Included 
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is the statusing of r epa i r and refurbishing ac t iv i t ies . A sys tem of inventory 
per iodic review will be established with tes t and operat ions r equ i remen t s 
and plans . The sys tem provides a complete status of each spare line i tem 
from r e l e a s e through p rog ram completion. Spares data will identify spare 
par t number r e l e a s e and shipping da tes , quanti t ies , s i t e s , r epa i r abili ty, 
and cos t s . The controls a lso provide for cur ren t configuration status con­
sistent with cur ren t engineering configurations. A pr ior i ty sys tem will be 
utilized to provide launch site c r i t i ca l ha rdware on an expedite b a s i s . 
Final ly , cost for hardware consumption/ut i l izat ion will be establ ished. 

7. 3. 5 Expedite System 

An expedite sys tem will be employed as par t of the support hardware 
inventory management sys tem to provide the methods of reques t ing, 
approving, and supporting pr ior i ty r equ i r emen t s for p a r t s , ma te r i a l , failure 
ana lys i s , technical operating supplies, or modification and repa i r efforts 
c r i t i ca l to the support of the ESS P r o g r a m . This will include the capability 
of expediting the del ivery of pa r t s and ma te r i a l s r equ i red to meet tes t , 
launch, or resupply schedules. 

7. 3. 6 Reparab les and Recovered Hardware Refurbishment Controls 

The sys tem will provide for the control of p a r t s being repa i red from 
the inception of that activity until i ts completion and r e t u r n to serviceable 
inventory. The sys tem will be capable of t racking a given par t through each 
step in the r epa i r cycle and providing a genera l status of cur ren t condition. 
Minimum data provided by periodic l is t ings will be as follows: 

1. P a r t number 

2. Ser ia l or document control number 

3. Coded status of repa i r 

4. F o r e c a s t completion data 

5. Cur ren t location. 
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8. 0 TRAINING 

A customer and contractor t ra ining p r o g r a m will be establ ished for 
ESS specific i tems only, and will use the space shuttle t ra ining p r o g r a m for 
the common e lements . The p r o g r a m will provide for t ra ining of customer 
general and contractor personnel . The contractor t ra ining entai ls the tes t 
operations and maintenance personnel . Training p rog ram requ i r emen t s will 
be defined and established by utilizing exiting S-II date and space shuttle 
sys tems when applicable. As stated in the Operat ions Plan, the operat ions 
personnel for the ESS will not be dedicated to the ESS due to the very low 
flight r a t e . A few personnel (specifically t ra ined for ESS operat ions and to 
act as the ESS operat ions team nucleus) will be added to the space shuttle 
operations personnel to offset the use of some fifty-five personnel to aid in 
the infrequent ESS operat ions . 

The t raining r equ i r emen t s include documentat ion and skil l r equ i r emen t s . 
The requ i rement s a lso recognize the s i te -pecul ia r a spec t s . The t raining 
program interfaces with, and supports , the concepts of the Fac i l i t i e s , 
Manufacturing, Tes t Operat ions , and Logist ics and Maintenance P lans and 
the Safety P r o g r a m . 

The t raining p r o g r a m will provide the following information: 

1. Pe r sonne l and skill r equ i remen t s by site 

2. Milestone and schedule char t s for t ra ining and t raining equipment 
need dates 

3. Identification of t raining equipment, dev ices , and a ids . 

4. Training manual needs 

5. Training and t r a ine r facili t ies 

6. Training and t r a ine r facili t ies and support identification by site 

7. Training p r o g r a m management policy and object ives . 

5-27 
SD 70-140-5 



Preceding page blank 

9.0 TECHNICAL SUPPORT DOCUMENTATION 

The contractor will develop the ESS specific technical support 
documentation neces sa ry to furnish descr ip t ive and procedura l data pertaining 
to ground support and miss ion flight ha rdware maintenance and operat ions . 
The data will be used for crew t ra ining, miss ion p rocedure development, 
ground equipment maintenance, vehicle main tenance , and operat ions; but will 
not duplicate the space shuttle documentat ion. The technical support docu­
mentation effort will include the following genera l t asks : 

1. Study p r o g r a m activity r equ i r emen t s with re la t ion to technical 
support documentation r e q u i r e m e n t s . 

2. Define support documents to be produced and the organization 
functional respons ib i l i t ies and schedules for each. 

3. Initiate specifications governing the p repara t ion of contractor and 
supplier support documentation. 

4. Es tabl i sh and maintain p rocedure s and requ i rement s for effective 
prepara t ion and approval /ver i f ica t ion of support documentation. 

5. P r e p a r e , coordinate , and update the support documents . 

6. P r e p a r e and validate modification ins t ruc t ions , as requi red . 

9. 1 DOCUMENTATION DEVELOPMENT 

The documentation will be developed for use p r imar i ly during the final 
acceptance tes t and operat ional phase of the p rog ram. It will be wri t ten to 
the level of understanding of skilled technicians to provide descr ip t ive data, 
theor ies of unique design, and s t ep -by-s t ep p rocedures to a s s u r e effective 
operat ion and maintenance of equipment. The support documents will be 
designed to afford maximum util ization by both contractor and customer 
personnel and be commensura te with the t a sk complexity to maintain the 
operat ional s tatus of the ESS vehicle and i ts miss ion support equipment. 

The technical support documents will be p repa red in the style specified 
for such documentation and in accordance with governing ESS specifications. 
These specifications will control consistency of coverage to minimize p r e ­
parat ion costs and ensure the adequacy of the data depicted. Engineering 
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data will be obtained from a mas te r data bank wherever possible to further 
reduce costs and a s s u r e technical accuracy . 

9. 2 DOCUMENTATION TYPES 

The ESS documentation that will be p repa red as par t of this effort is 
categorical ly l isted in the following pa rag raphs . The content and style of the 
manuals will be as indicated. 

9. 2. 1 General Manual 

This manual will briefly desc r ibe the planned operat ional phases 
including the p r e - m i s s i o n phase through miss ion support phase. It will also 
provide descr ip t ive data and brief d i scuss ions of the operat ions and in te r ­
faces with logist ics support mi s s ions . I l lus t ra t ions and simplified schemat ics 
will be used to support the text. 

9. 2. 2 Subsystems Maintenance Manuals 

The subsys tems maintenance manuals will provide ins t ruct ions for 
per iodic maintenance and ins t ruct ions for the operat ion, servic ing, checkout, 
t rouble ana lys is , and removal and rep lacement of components. 

9. 2. 3 Support Systems Maintenance Manuals 

Manuals will be p repa red for al l major ground and flight support 
sys tem del iverable end i t ems . These manuals will provide descr ip t ive data, 
operation, maintenance, servic ing, inspection, and repa i r p rocedures for 
the p r e - m i s s i o n and miss ion support phase . In the case of purchased 
equipment, the purchase agreement will specify that manuals a r e to be 
p repa red by the supplier in accordance with a format suitable for d i rec t use 
by the p r ime contrac tor . 

9. 2. 4 I l lustra ted P a r t s Breakdown (IPB) Manual 

The IPB manual will provide an i l lus t ra ted listing of rep laceable pa r t s 
by subsystem and GSE end i tem. The IPB will show physical configurations 
and re la t ionships of pa r t s and components of sys tem, subsys tems , and GSE 
end i t ems . 

9. 2. 5 ESS Operat ions Manual 

This manual will provide desc r ip t ions , operat ional p rocedu re s , and 
operat ional modes re la t ive to the ESS s y s t e m s / s u b s y s t e m s . This manual 
will be specifically designed to support crew tra ining and operat ional 
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procedure development. The manual will consist of tabular s t ep-by-s tep 
p rocedures for no rma l , backup, and a l te rna te operating p rocedu re s . 

9. 2. 6 Modification Instruct ions 

Modification ins t ruct ions will be p repa red to provide detailed s tep-by-
step di rect ions to incorpora te and verify al l field modifications to del ivered 
end i t ems . This ins t ruct ion will be an in tegral par t of each field modification 
kit and par t of the acceptance data package. 

9. 2. 7 Document P repa ra t ion , Revision, and Validation 

The contractor will es tabl i sh a p rocedure for review, validation, and 
approval of the documents and develop change revis ion p r o c e s s e s to account 
for fast react ion and schedule changes. In addition, a procedure for val ida­
tion of p rocedura l data against s imulated and flight hardware will be 
developed. 

5-31 

SD 71-140-5 



Preceding page blank 

10.0 PACKAGING AND HANDLING 

10. 1 PURPOSE 

This section outlines the r equ i r emen t s for the protect ion of a s s e m b l i e s , 
components, s p a r e s , support equipment during handling, t ranspor ta t ion , 
and storage phases . The p r i m a r y objective is to a s s u r e no degradat ion of 
rel iabil i ty or functional capability of the hardware during these phases , while 
minimizing costs for protect ive packaging. Requi rements for packaging, 
handling, and t ranspor ta t ion of ha rdware will be substantial ly in accordance 
with applicable r equ i r emen t s and guidelines of NASA Publicat ion NHB 6000. 1 
(1A), Requi rements for Packaging, Handling and Transpor ta t ion for 
Aeronautical and Space Sys tems, Equipment and Associated Components. 
The S-II and shuttle packaging and re la ted documentation will be utilized on 
the ESS p r o g r a m when hardware commonali ty ex i s t s . 

10. 2 SCOPE 

The ha rdware protect ion r equ i r emen t s will apply to the t e s t and 
operat ional p rogram phases and will include the following r equ i r emen t s : 

1. In-plant protect ion during fabricat ion, handling, and s torage . 

2. P r e c i s i o n clean packaging. A s s u r e s that cr i t ica l ly cleaned gaseous 
or liquid components a r e packaged to maintain requ i red cleanl iness 
levels . 

3. Package design qualification. Es tab l i sh a p rog ram for analysis and 
tes t to verify the packaging and t ranspor ta t ion sys tem. 

4. Packaging, handling, and t ranspor ta t ion documentation. Defines 
documentation to be p repa red and the dis t r ibut ion and approval 
r e q u i r e m e n t s . 

5. Control of supplier and subcontractor packaging p rocedures and 
t ranspor ta t ion and del ivery. 
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Packaging will be requi red for the shipment and s torage of the 
following i t ems : 

1. Stages and /o r major a s semb l i e s thereof 

2. Spare p a r t s and r epa rab l e s 

3. Support equipment. 

10. 3 PACKAGING FOR FLIGHT VEHICLE AND MAJOR ASSEMBLIES 

Packaging, handling, and t ranspor ta t ion methods will be designed to 
pro tec t the ha rdware from na tura l and induced environmental ex t r emes 
encountered during shipment or s to rage , which a re in excess of the hardware 
allowable l imi t s . Environments to be considered include shock, vibrat ion, 
t e m p e r a t u r e , alti tude ( p r e s s u r e ) , humidity, sand and dust, precipi ta t ion 
(rain, snow, e t c . ) , and field forces (e lec t ros ta t i c , e lec t romagnet ic , magnetic, 
radioact ive) . 

Packaging, handling, and t ranspor ta t ion methods will be in consonance 
with the planned t ranspor ta t ion mode and c a r r i e r vehicle. Design of pack­
aging, handling, and t ranspor ta t ion methods will consider all per t inent 
cha rac t e r i s t i c s of the ha rdware , including s ize , weight, shape; m a t e r i a l s , 
construct ion, and surface finishes and t rea tment ; susceptibil i ty to damage or 
de te r iora t ion from shock, vibrat ion, cor ros ion , contamination, and potential 
modes of failure; prac t ica l i ty of d i sassembly , considering economy of 
packaging and ease of r ea s sembly ; del ivery dest inat ion, including possible 
a l te rna te dest ination; duration of planned s torage , s torage methods , and 
associa ted environments ; and hazardous cha rac t e r i s t i c s (explosives). 
Packaging will be designed for r euse where economic benefits a r e attainable 
and will interface appropr ia te ly with handling equipment at the shipping and 
receiving s i t e s . 

Designs of equipment for packaging and t ranspor t ing flight equipment 
and support equipment will be re leased by engineering drawings. P r e p a r a ­
tion for del ivery, packaging p r o c e d u r e s , c a r r i e r loading, and in - t r ans i t 
operat ions will be r e l eased by engineering specifications. A packaging, 
handling, and t ranspor ta t ion r eco rd (PHTR), s imi lar to NASA F o r m 1426, 
will be p repa red for each c r i t i ca l , high-cost i tem. The PHTR will provide 
specific ins t ruc t ions for p rese rva t ion and packaging, for special controls 
during handling and t r anspor t (such as type and speed of c a r r i e r , shock and 
t empe ra tu r e monitor ing, etc. ), and for specia l container mark ings . 
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10.4 SPARE PARTS AND REPARABLES 

P a c k a g i n g , hand l ing , and t r a n s p o r t a t i o n m e t h o d s wi l l be d e s i g n e d to 
p r o v i d e p r o t e c t i o n a g a i n s t c o r r o s i o n , c o n t a m i n a t i o n , and p h y s i c a l d a m a g e 
for e a c h s p a r e p a r t , i nc lud ing r e p a r a b l e s sh ipped for f a i l u r e a n a l y s i s and 
r e p a i r . R e q u i r e m e n t s for p a c k a g i n g d e s i g n w i l l be s u b s t a n t i a l l y a s ou t l ined 
for flight v e h i c l e s and m a j o r a s s e m b l i e s , excep t a s fo l lows: 

1. P r e s e r v a t i o n and p a c k a g i n g / p a c k i n g l e v e l s , a s f u r t h e r def ined in 
NHB6000 . 1 (1A), w i l l b e : 

L e v e l A - s t o r a g e for indef in i t e ly long t i m e 

L e v e l B - s t o r a g e not e x c e e d i n g one y e a r 

L e v e l C - i m m e d i a t e u s e by f i r s t r e c e i v e r 

2. P a c k i n g : L e v e l B (wi th L e v a l A r o u g h hand l ing d e s i g n c r i t e r i a ) 

3. R e u s a b l e c o n t a i n e r s : P a c k a g i n g w i l l be d e s i g n e d to be r e u s a b l e , 
w h e r e e c o n o m i c a l l y p r a c t i c a l . 

10. 5 S U P P O R T E Q U I P M E N T 

P a c k a g i n g , hand l ing , and t r a n s p o r t a t i o n m e t h o d s wi l l be d e s i g n e d to 
p r o v i d e p r o t e c t i o n a g a i n s t c o r r o s i o n , c o n t a m i n a t i o n , and p h y s i c a l d a m a g e 
for e a c h d e l i v e r a b l e i t e m of s u p p o r t e q u i p m e n t , m o d i f i c a t i o n k i t s , and o t h e r 
s u p p o r t h a r d w a r e r e q u i r e d for s i t e s u p p o r t . R e q u i r e m e n t s for p a c k a g i n g 
d e s i g n w i l l be s u b s t a n t i a l l y a s ou t l ined for flight v e h i c l e s and m a j o r 
a s s e m b l i e s , excep t a s fo l lows: 

1. P r e s e r v a t i o n and p a c k a g i n g / p a c k i n g l e v e l s a s def ined in 
NHB6000 . 1 (1A) wi l l be a s fo l lows: 

L e v e l A - s t o r a g e for indef in i t e ly long t i m e 

L e v e l B - s t o r a g e not e x c e e d i n g one y e a r 

L e v e l C - i m m e d i a t e u s e by f i r s t r e c e i v e r 

2. P a c k i n g : L e v e l B (wi th L e v e l A r o u g h handl ing d e s i g n c r i t e r i a ) 

3. R e u s a b l e c o n t a i n e r s : P a c k a g i n g w i l l be d e s i g n e d to be r e u s a b l e 
w h e r e e c o n o m i c a l l y p r a c t i c a l o r w h e r e e q u i p m e n t r e q u i r e s 
r e p e a t e d p a c k a g i n g to p r o v i d e p r o t e c t i o n d u r i n g p e r i o d s of 
i n a c t i v i t y . 
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11. 0 DEFINITIONS 

T e r m s used in the Logis t ics and Maintenance Plan a r e defined in this 
section. 

Term Definition 

Access 

Accessibility-

Alignment 

Analysis , 
Maintenance 

Assembly 

Bulk I tems 

Checkout 

Common Use 
Hardware 

Means of approach or admission; for example, and 
opening provided on equipment for inspection or for 
per formance of maintenance t asks 

P e r t a i n s to design features which affect ease of 
admiss ion to an a r ea for the per formance of visual 
and manipulative maintenance or se rv ice (including 
component removal and installation) 

The act of bringing two or more components , or 
var iab le e lements of an i tem, into a prespecif ied 
re la t ionship with other 

The p r o c e s s of identifying requi red maintenance 
functions through analysis of a fixed or assumed 
design and determining the most effective means of 
accomplishing these functions 

A number of p a r t s , subassembl ies , or any combina­
tion thereof joined together 

Cer ta in raw m a t e r i a l s and semifabr icated i tems used 
in the manufacture of an i tem, including s tandard, 
commerc ia l , and mi l i ta ry hardware (e. g. , c l ips , 
c lamps , f as teners , bol ts , nuts , w a s h e r s , hoses , 
and lubricants) 

A sequence of functional, operat ional , v isual inspec­
tions or cal ibrat ion t e s t s to de te rmine the condition 
and status of a system or element thereof 

I tems stocked in a common inventory having multiple 
support applications 
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T e r m Definition 

Component Any self-contained par t , combination of p a r t s , 
subassembl ies or uni ts , which pe r fo rm a dist inct ive 
function necessa ry to the operat ion of a sys tem 

Configuration The physical nature of an i tem, the physical a r r a n g e ­
ment of components and /or pa r t s which compr ise an 
i tem, including unique identification and documentation 

Consumable 
Mate r i a l 

A type of i tem that is expended through use 

Equipment, 
Support 

All equipment requi red to support the operat ion and 
maintenance of a vehicle 

Fa i lu re Mode 
Effect and Cause 
Analysis (FMECA) 

See Analysis , Fa i lu r e Mode and Effect 

Fault Isolation Actions involved in identifying and determining mal­
functions in equipment by means of sys temat ic 
checking and analysis 

Government-
Furnished 
P rope r ty (GFP) 

All proper ty in the possess ion of, or acquired direct ly 
by, the government and subsequently del ivered or 
otherwise made available to the contractor 

Hardware The physical object, as dist inguished from its capa­
bility or function (engines, c a s e s , pumps , the 
guidance sys tem, or other components of the vehicle 
or SE); the t e rm also is used in r ega rd to a stage of 
development, e. g. , the passage of a device or 
component from the design or planning stage into the 
hardware stage as the finished product 

Inspection The examination, normally by visual or nondes t ruc­
tive means , of vehicles and equipment to de termine 
conformance to phys i ca l / s t r uc tu r a l r equ i r emen t s and 
to established s tandards . 

Item Any level of ha rdware assembly , i. e. , sys tem, sub­
sys tem, component, or par t 

Line Replaceable 
Unit 

An i tem so constructed and instal led as to make it 
readi ly replaceable at the vehic le /equipment 
maintenance level 
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T e r m Definition 

Logist ics Support Support r equ i red to opera te , maintain , and repa i r 
equipment within the p r e sc r ibed maintenance concept. 
Logis t ics support encompasses the select ion, 
p rocuremen t , scheduling, stocking, and dis t r ibut ion 
of s p a r e s , r epa i r p a r t s , ground support equipment, 
technica l publicat ions, and maintenance t ra in ing 
n e c e s s a r y to keep the equipment in a functional status 

Maintainability Combined cha rac t e r i s t i c s of design, instal lat ion, and 
support that make it poss ible to maintain and serv ice 
equipment to specified conditions within a minimum 
expenditure of maintenance r e s o u r c e s ; i. e. , manpower, 
t e s t equipment, technical support data, logics t ics 
support and facil i t ies 

A comprehens ive s ta tement of r equ i red maintenance 
c h a r a c t e r i s t i c s , expressed in ei ther qualitative or 
quantitative t e r m s or both, to be satisfied by the 
design of an item 

Maintainability 
Verification 

A monitor ing p r o c e s s intended to verify the vehicle 
and support equipment 's maintainabil i ty and support 
r e s o u r c e goals and r equ i r emen t s were achieved 

Maintenance Actions requi red for r e s to r ing or maintaining an 
i tem in serviceable condition, including servic ing, 
r e p a i r , modifications, upgrading, overhaul , inspec­
tion, and de terminat ion of condition 

Maintenance, 
Phased 

Maintenance (e. g. , t ime-compl iance i tems) planned 
and scheduled p rogress ive ly by frequencies de t e r ­
mined by specific numbered tu rnarounds , flight hours , 
or ca l enda r - t ime designations 

Maintenance 
Predic t ive 

Maintenance performed to prec lude an out-of-
to le rance condition, enabled by t r end analys is of 
equipment per formance ouptut values as re la ted to 
usage r a t e 

Preventa t ive 
Maintenance 

Maintenance performed to re ta in an i tem in a s e r ­
viceable condition by sys temat ic inspect ion, detection, 
prevention of incipient fa i lures , r ep lacement of worn 
out i t ems , adjustment, cal ibrat ion, and cleaning 
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T e r m Definition 

Cor rec t ive 
Maintenance 

Modification 

Maintenance performed to r e s t o r e an i tem to a 
sat isfactory condition by co r rec t ing a known or 
suspected malfunction or failure which has caused 
degradat ion of the i tem 

Alterat ion to the physical design of the vehicle or of 
the i tem affected in order to co r rec t a design 
deficiency, facilitate production, or improve opera ­
tional effectiveness 

Overhaul The d i sassembly , inspection, and check of a unit as 
requ i red with attendant rep lacement , r epa i r , adjust­
ment , or refinishing of such p a r t s to r e s t o r e it in a 
specified condition to operate for another overhaul 
in te rva l 

Packaging 

P a r t 

Redundancy 

Reliabili ty 

Repair 

Safing 

Cleaning, p re se rv ing , and packing in unit quanti t ies; 
in te r ior cushioning and bracing; design and utilization 
of in ter ior and exter ior conta iners ; identification of 
contents of inner and outer conta iners , and loading 

The smal les t subdivision of an equipment which would 
not normal ly be subjected to further subdivision or 
d i sas sembly 

The existence of more than one means for accom­
plishing a given function 

The probabili ty that an item will per form a requi red 
function, under specified conditions, without failure 
for a specified period of t ime 

The res to ra t ion of a device to a serv iceable condition 
after malfunction, damage, or de te r io ra t ion 

Phas ing , t a sks , or functions neces sa ry to render a 
vehicle , subsys tem, or component safe with respec t 
to personnel and /or the functional integri ty of the 
i tem 

Servicing The replenishment of consumables needed to keep an 
i tem in operating condition 
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T e r m Definition 

Spare P a r t Any par t , subassembly , or component kept in 
r e s e r v e for the maintenance and repa i r of major 
i t ems of equipment 

Subassembly Two or more p a r t s which form a portion of an 
assembly or a unit rep laceable as a whole, but having 
a pa r t or p a r t s which a r e individually replaceable 

Subsystem A major functional par t of a sys tem essent ia l to 
operat ional completeness of the sys tem (e. g. , s t r u c ­
t u r e s , subsys tem, main propulsion subsystem). 

System A composi te of equipment, skil ls and techniques 
(including all re la ted faci l i t ies , equipment, m a t e r i a l , 
s e r v i c e s , and personnel) capable of performing a 
c lear ly defined function in the accomplishment of an 
objective. The ESS is a system of the NASA-
projected Space Transpor ta t ion P r o g r a m . 

Test Examination of an i tem to a sce r t a in that the i tem 
meets specified r equ i r emen t s 

Test Site A facility established at a selected geographic 
location for conducting a specific tes t operat ion 

Traceabil i ty A t e r m which indicates the degree of yield from 
sea rch for an i t e m ' s h is tory , application use, and 
location 

Tradeoff The procedure of t rading a degree of an at t r ibute to 
gain a degree of another a t t r ibute; e. g. , sacrif icing 
a degree of per formance to obtain a grea ter degree 
of re l iabi l i ty under cer ta in conditions, or vice versa , 
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12.0 BOOSTER AND SEPARATION STRUCTURE 

B o o s t e r c o n f i g u r a t i o n c h a n g e s for ESS o p e r a t i o n s c o n s i s t only of 
so f tware c h a n g e s and a new s e p a r a t i o n l i nkage s y s t e m . T h e r e i s no o t h e r 
i m p a c t on shu t t l e b o o s t e r con f igu ra t i on . S p a r e s s u p p o r t of the ESS s e p a r a ­
t ion s y s t e m and the a s s o c i a t e d m a i n t e n a n c e o p e r a t i o n s a r e c o n s i d e r e d to 
have neg l i g ib l e i m p a c t in the l o g i s t i c s and m a i n t e n a n c e a r e a s . The b a s e l i n e 
L o g i s t i c s and M a i n t e n a n c e P l a n (SD 71-106) i s a r e q u i r e m e n t s d o c u m e n t and 
i s not con f igu ra t ion o r i e n t e d . S p a r e s and m a i n t e n a n c e r e q u i r e m e n t s e s t a b ­
l i shed by t h i s p lan wi l l s u p p o r t e i t h e r the s hu t t l e or ESS. 

The i n c l u s i o n of the ESS c o n c e p t in to the b o o s t e r s p a c e shu t t l e s y s t e m 
wi l l p r o v i d e a m i n o r i m p a c t on t r a i n i n g r e q u i r e m e n t s and i m p l e m e n t a t i o n . 
The i m p a c t w i l l be p r i m a r i l y in the a r e a s of s e p a r a t i o n s y s t e m , l a u n c h pad 
i n t e r f a c e , and m a t i n g p r o c e d u r e s . F u r t h e r a n a l y s i s of flight c r e w a d d i t i o n a l 
funct ions have b e e n a c c o m p l i s h e d and e s t a b l i s h tha t a r e q u i r e m e n t e x i s t s for 
an a d d i t i o n a l s i m u l a t o r t r a i n i n g p lan . 

Ground and o the r s u p p o r t s u b s y s t e m s t r a i n i n g and t r a i n i n g e q u i p m e n t 
r e q u i r e m e n t s a r e e s t a b l i s h e d a s fo l lows: 

T r a i n i n g 

1. I n s t a l l a t i o n , r i g g i n g , and checkou t of the E S S / b o o s t e r s e p a r a t i o n 
s y s t e m 

2. E S S / b o o s t e r pad i n t e r f a c e hookup and checkout 

3. E S S / b o o s t e r m a t i n g p r o c e d u r e s and handl ing 

4 . F l i g h t c r e w pay load m o n i t o r capab i l i t y 

5. P o s s i b l e ESS a b o r t c o n t i n g e n c i e s . 

E q u i p m e n t 

1. An a d d i t i o n a l s e p a r a t i o n s y s t e m t r a i n i n g aid wi l l be r e q u i r e d to 
p r o v i d e r e a l - t i m e r i g g i n g and checkou t t e c h n i q u e s . 

2. Add i t iona l m i s s i o n s i m u l a t o r t r a i n i n g p lan to p r o v i d e the added 
pi lot func t ions . 
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SECTION VI . PROGRAM MANAGEMENT PLAN 

1.0 INTRODUCTION 

The P r o g r a m Management P lan for the Space Shuttle System is defined 
in SD 71-101 and the shuttle booster development p r o g r a m is reflected in the 
Phase C/D basel ine schedule of SD 71-124-2. This repor t del ineates the 
additional management r equ i rement s n e c e s s a r y for integrat ion of the 
expendable second stage (ESS) into the overal l shuttle p r o g r a m . 
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2. 0 ESS PROGRAM MANAGEMENT PLAN 

The purpose of this plan i s to desc r ibe the organizat ion s t ruc tu re and 
the p r o g r a m planning and control sys t ems selected to a s s u r e the production 
of ESS vehic les with the highest s tandards of quality and rel iabi l i ty at 
minimum cost . 

2. 1 SUMMARY 

The management plan for the ESS p r o g r a m has been developed from an 
analysis of p r o g r a m r equ i r emen t s , compared with the management plans of 
other cur ren t Space Division p r o g r a m s , plus a review of the s t a r t -up phases 
of the Apollo CSM and Saturn launch vehic les (SLV) p r o g r a m s . 

The ESS p r o g r a m organizat ion will be s t ruc tured essent ia l ly as the 
SLV p r o g r a m organizat ion is s t ruc tu red . Full responsibi l i ty for p e r f o r m ­
ance will be vested in the P r o g r a m Manager , and he will rece ive support 
from functional organizat ions es tabl ished to a s s u r e accomplishment of 
p r o g r a m objectives and r e q u i r e m e n t s . The organizat ion will be manned 
predominately with personnel with extensive exper ience in Saturn S-II 
production. 

The sys tems for planning, di rect ing, and controlling p r o g r a m o p e r a ­
tions will be those that have been developed and successfully employed on 
the SLV p r o g r a m . Major emphas i s will be placed upon cost, scheduling, 
and per formance controls as in tegrated in the work package management 
sys tem. 

Emphas is a lso will be placed on continuation of the management t e a m 
relat ionship that exis ts between NASA and the Space Division of North 
Amer ican Rockwell (NR/SD) on the SLV p r o g r a m . 

2 .2 PROGRAM ORGANIZATION 

The p r o g r a m organizat ion must provide the means for the P r o g r a m 
Manager to plan and control the p r o g r a m to fulfill contract r e q u i r e m e n t s . 

Analysis indicated that the ESS p r o g r a m presen ted no d i s c r e t e 
organizational r equ i remen t s which would dictate development of an o rgan i ­
zational s t ruc ture different from those employed on cur ren t Space Division 
p r o g r a m s . The analys is indicated instead, that the adoption of an establ ished 
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s t ruc ture would offer seve ra l important advantages . F o r e m o s t among the 
advantages are the re tent ion of es tabl ished p rog ram and functional in t e r ­
faces , pa r t i cu la r ly with r e spec t to the shuttle p r o g r a m , and the compati­
bility with existing management sys tems and controls provided by a 
re la t ively unchanged organizat ion. 

The ESS p r o g r a m accordingly will use the basic organizat ion s t ruc ture 
current ly employed on the SLV program. This s t ruc tu re provides for a 
P r o g r a m Manager with full authority and accountabili ty for the implementa­
tion and per formance of the p rog ram. He is supported by a management 
team consisting of the l eaders of the p rog ram major organizat ional e lements . 

The major e lements supporting the SLV p r o g r a m and proposed for 
support of the ESS p r o g r a m are Engineer ing, Product ion Opera t ions , Tes t 
and Logis t ics , Quality Assu rance , P r o g r a m Adminis t ra t ion, and Financia l 
Management . Engineering is headed by a Chief P r o g r a m Engineer , and 
each of the other functions by a d i rec tor or manager at a level sufficiently 
high to a s s u r e effective execution of the authority delegated by the P r o g r a m 
Manager . Sub-t ier elements of the major functions include Configuration 
Management , Data Management , Contracts Adminis t ra t ion, F a c i l i t i e s , 
Ma te r i a l , and P r o g r a m Planning and Control . The P r o g r a m Manager further 
augments his staff, and a s s u r e s the support r equ i red by the p r o g r a m , 
through the addition of organizat ional e lements such as sys tems safety, and 
p rogram offices establ ished at appropr ia te offsite locat ions . 

The responsibi l i ty and authority of each of the functional l eaders is 
c lear ly defined and documented in published position desc r ip t ions , and each 
is accountable to the P r o g r a m Manager for the effective d i scharge of his 
assigned tasks in support of p rogram r e q u i r e m e n t s . 

The use of an establ ished organizat ion s t ruc tu re for the ESS p rogram 
offers severa l advantages in addition to the re tent ion of establ ished 
functional in terfaces and the implementat ion of existing management sys tems 
and controls previously mentioned. The proposed organizat ion s t ruc tu re 
was developed for a p rogram essent ia l ly s imi la r to the ESS p rogram in both 
operat ion and end product . The organizat ional concept, in addition to having 
been proved effective, re ta ins the s t r u c t u r e , the management t eam, and 
many of the personnel responsib le for its effect iveness. An additional 
advantage is the re tent ion of establ ished lines of communicat ion both within 
the company and with the cus tomer . 

The combination of experienced personnel working in a famil iar 
environment on a basical ly s imi la r product provides a sound basis for the 
cost-effective design, production, and tes t of ESS vehic les . 
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2.3 PERFORMANCE MANAGEMENT 

The per formance management sys tem compr i ses the documented 
procedures used by the P r o g r a m Manager to plan the p r o g r a m , authorize 
the work, and de te rmine p rog ram status in re la t ion to establ ished plans and 
objectives. The sys tem to be employed for the ESS p rog ram is the basic 
system in use on var ious Space Division p r o g r a m s , including the ST/V 
p rog ram. The sys tem has proven effective in fulfilling company and 
contractual r e q u i r e m e n t s . 

Detailed planning of work developed by success ive ly lower levels of 
management is fundamental to effective control of the p rog ram. The work 
breakdown s t ruc tu re (WBS) is used as a common f ramework for p rogram 
planning and for managing p rog ram c o s t s , schedules , and technical pe r fo rm­
ance. The WBS is a division of the p rog ram into manageable segments of 
work which a r e product -or iented and extended to at leas t the subsystem level . 
The WBS c lear ly defines the end products to be produced as well as the work 
to be accomplished to achieve p rogram object ives. All work requi red by the 
contract is covered , and changes to the WBS a re controlled formally. 

A work package (WP) is a functionally or iented set of tasks to be pe r ­
formed in support of a WBS element . Since p rog ram products r e su l t from 
the act ivi t ies of var ious functions within the p r o g r a m organizat ion, it is 
nece s sa ry to m e a s u r e the performance of functions as well as the pe r fo rm­
ance re la ted to products . The WP is cor re la ted to significant mi les tones , 
and se rves as a meaningful unit for cost , schedule , and technical r e q u i r e ­
ments identification. Work package task descr ip t ions a r e sufficiently 
detailed to pe rmi t ass ignment of overa l l responsibi l i ty to a single individual 
designated as the work package manager (WPM). 

The WP r e p r e s e n t s a unit of work at a level where work is physically 
per formed, and must be ass ignable to a single cost account and organ iza ­
tional e lement . The WP contains budgets and schedules that constitute the 
plan against which the WPM a s s e s s e s and controls the working level t a s k s . 
T he sum of the budgets assigned to work packages within a cost account 
cannot exceed the total cost account budget es tabl ished by the p rogram 
financial plan. 

Schedule planning is t ime orientat ion of the work r ep resen ted on the 
WBS to the significant mi les tones establ ished for the p r o g r a m . Schedules 
a r e used to es tabl ish the proper sequence and timing of tasks and se rve as 
the basis for measur ing schedule per formance . A m a s t e r p rogram schedule 
(MPS) is the basic document used to identify and document contract m i l e ­
stones and significant p rogram summary mi les tones . The MPS must be 
consistent with the WBS. The MPS for the ESS defined in this study is shown 

6-5 
SD 71-140-5 



in F igu re 6 - 1 . A schedule control sys tem, establ ished in support of the 
MPS, a s s u r e s immedia te incorporat ion of p rog ram changes into the MPS. 
The MPS se rves as the baseline for development of functional schedules , 
which in tu rn provide the basis for measur ing per formance against t ime 
allowed for the accompl ishment of functional t a s k s . 

Technical per formance measu remen t (TPM) is the sys tem by which 
management a s s e s s e s technical per formance and identifies problems or 
va r iances and their potential impact on p rog ram schedules or cos t s . The 
TPM sys tem is an in tegra l par t of the engineering p rocess and is based upon 
applicable contract end i tem specif icat ions. TPM plans a r e developed for 
selected per formance p a r a m e t e r s , and identify specific events that pe rmi t 
m e a s u r e m e n t of p r o g r e s s against the p a r a m e t e r s . The p a r a m e t e r s a r e 
re la ted to the WBS, and a r e measu red and repor ted upon at planned 
f requencies . 

Status analysis provides the basis for management visibil i ty and action 
in re la t ion to p r o g r a m cost , schedule, and technical pe r fo rmance . Actual 
cos t s , schedules , and technical per formance a r e measu red against the 
c r i t e r i a establ ished for each to verify per formance or de te rmine v a r i a n c e s . 
Differences a r e analyzed to isolate the factors contributing to the va r i ance . 
The re su l t s a r e conveyed to management through weekly status r e p o r t s , the 
P r o g r a m Manager ' s weekly r ev iews , and specia l briefing and r epo r t s if the 
na ture of the problem or potential problems indicates need for immedia te 
action. In addition, a management information center (MIC) is maintained 
to provide a permanent up- to-date display of the status of p rogram act iv i t ies . 
The MIC is intended for use by both the contrac tor and NASA management . 
Status information is further conveyed to NASA through contractual ly requi red 
r e p o r t s and r ev iews , and through meetings at leas t once each week in which 
the P r o g r a m Manager and the NASA Resident Manager d iscuss p rog ram 
status and ac t iv i t i es . 

A cor rec t ive action system will be maintained to a s s u r e appropr ia te 
management action concerning problems identified through the per formance 
management sys t em. The proposed sys t em, cur ren t ly in u se , cons is ts of 
two phases - the P r o g r a m Bogie r epo r t and the Cr i t ica l Prob lem repor t . 
Potent ia l c r i t i ca l p rob lems a r e designated as bogies and a re l is ted on the 
P r o g r a m Bogie r epor t in the MIC and reviewed at the weekly p rog ram 
rev iews . Bogies that p e r s i s t or become c r i t i ca l a r e redesignated as c r i t i ca l 
p rob lems and t racked through the Cr i t ica l P rob lem repor t . During this 
phase , the action ass ignee p r e p a r e s a weekly r epo r t , indicating actions taken 
to e l iminate the p rob l ems , r e su l t s of tes ts and s tudies , a l ternat ive solu­
t ions , final management select ion of the optimum cor rec t ive action, and 
implementat ion of the action which closes the loop. 
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3. 0 BOOSTER AND SEPARATION STRUCTURE MANAGEMENT 

This section defines the additional assumptions and booster p rog ram 
extensions n e c e s s a r y to a s s u r e that the Shuttle Booster sys tem will also 
accommodate the ESS mis s ions . Since the design of ce r ta in p r i m a r y 
s t ruc tura l e lements is dr iven by the ESS miss ion r e q u i r e m e n t s , they must 
be recognized and accounted for ear ly in the baseline sys tem development 
pr ior to the formal ESS p r o g r a m go-ahead. There would be no significant 
p rogram impact if the c r i t i ca l design r e q u i r e m e n t s , as dr iven by the ESS 
miss ion r e q u i r e m e n t s , a r e considered in the baseline pre-CDR design 
act iv i t ies . The orb i te r support bulkheads in the hydrogen tank a r e a 
c r i t ica l example of ESS design, as it const ra ins the f i r s t t es t a r t i c l e tank 
assembly . If this assumpt ion and those following a r e allowed, t he re would 
be little impact on the total booster development p r o g r a m as ref lected in the 
schedule of F igu re 6-2. There would be some slight extensions to specific 
design and testing ac t iv i t ies ; however, these would not a l te r the basic p r o ­
gram mi les tones . On the other hand, if these assumpt ions w e r e not 
allowed, the init ial flight dates would be slipped by as much as 8 to 12 
months . In ei ther c a se , the basic management concepts and p rocedures as 
defined for the basel ine booster p rogram would st i l l apply to the additional 
efforts to incorpora te the ESS miss ion capability. Additions to the booster 
management plan to accommodate ESS miss ions include: 

1. Design Engineering — The ESS design r equ i r emen t s would have to 
be considered in the baseline vehicle predes ign efforts p r io r to 
ESS ATP (these would include selected W/T t e s t s ) to es tab l i sh the 
proper vehicle sizing and configuration f reeze . P r e l i m i n a r y 
design of the s t ruc tu re and s t ruc tu ra l layout drawings also should 
include the booster LH2 tank bulkheads and aft tank skin gages 
associa ted with the ESS miss ion . Other booster s t ruc tu ra l 
e l emen t s , software development, and the detai l design of the 
bulkheads can wait for the ESS ATP at mid-1973. The s t ruc tu ra l 
bulkhead detai l design r e l e a s e would be the ini t ia l ESS r e l e a s e 
(~3 months) and would support assembly of the init ial hydrogen 
tank for the s ta t ic t es t a r t i c l e . The thrus t s t ruc tu re hold-downs, 
separa t ion sys t em, and associa ted software a r e not considered 
c r i t i ca l cons t ra in ts to this schedule , although significant design 
t a s k s . 
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P r o c u r e m e n t — Long-lead raw m a t e r i a l for the ESS designed tank 
skins and LH2 tank bulkheads would have to be o rdered pr ior to 
the ESS A T P to a s s u r e that the original ly scheduled flight dates 
could be me t . 
Tooling and Manufacturing — Special bulkhead tooling considerat ions 
also would have to precede ESS ATP. The ea r ly design r e l ea se 
on the bulkhead would permi t sufficient t ime for fabricat ion of all 
pa r t s p r io r to i ts need for tank as sembly for both the s t ruc tu ra l 
qualification t e s t a r t i c le and the horizontal flight t es t a r t i c l e . 
Fab r i ca t ion of the ESS designed par t s could be accommodated 
within the planned manufacturing act ivi t ies without any extensions 
of t ime n e c e s s a r y . 

Additional Test ing — The basic wind tunnel t e s t s requi red for the 
additional ESS miss ion capability could be sandwiched into the 
basel ine p r o g r a m with the significant portion being accomplished 
pr ior to the ESS ATP. Design support testing would have to be 
extended to accommodate testing for the ESS-requi red separat ion 
sys t em. There also would be some m a t e r i a l development testing 
and s t r u c t u r a l development testing on selected components which 
could be accommodated in the existing span t i m e s . The extensions 
to the booster s ta t ic and fatigue tes t p rog rams also a r e requi red 
to accommodate the ESS separa t ion sys tem which will be subse ­
quent to the baseline separa t ion sys tem testing on these a r t i c l e s . 
A full sca le v ibra t ion t e s t on a complete horizontal booster for 
ESS conditions is planned and could be a 2 to 3-week extension to 
the equivalent t e s t s for the baseline sys tem on F T V - 1 or it could 
be sandwiched into the ground operat ions on FTV-2 without s igni­
ficant p r o g r a m impact . Software integrat ion for ESS separa t ion 
control ler for sequence and timing could be accommodated during 
the cu r ren t ly planned ASIL and support t es t ing . Normal s e pa ra ­
tion would be verified on the init ial ve r t i ca l flight as the re a r e no 
exper imenta l flight t e s t s planned for this operat ion. 

Fac i l i t i e s — Fabr ica t ion of the ESS-designed hardware and thei r 
subsequent a s sembly operat ions would not r equ i re any additional 
faci l i t ies over those defined in the baseline plan. The additional 
t e s t r equ i r emen t s outlined above could also be handled in the same 
faci l i t ies specified in the baseline p rog ram. Likewise the re would 
be essen t ia l ly no schedule impact from flight facility r e q u i r e ­
m e n t s , as modification to the baseline plan using KSC's 
Complex 3 9 is v i r tual ly nil. 
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